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ZHPSZZ[HUKPUNPUHYV^ZLLJOHW[LY MVYTVYLVU[OPZ ),4 OHZILLU[OL[YHKP[PVUHS^VYROVYZLVM[OL
HLYVZWHJLPUK\Z[Y`^OLUP[JVTLZ[VZPT\SH[PVUVMSPM[PUNZ\YMHJLZ K\L[V[OLMHJ[[OH[TVKLSPUNVM[OLM\SS
ZL[VM5H]PLY:[VRLZLX\H[PVUZPZ]LY`JVTW\[H[PVUHSS`KLTHUKPUN ,]LU[OV\NO[OPZPZWVZZPISL[VKH ` P[PZ
Z[PSSHZPNUPÄJHU[ILULÄ[PUOH]PUNMHZ[ZPT\SH[PVUTL[OVKZ :PUJLTHU`VM[OLWO`ZPJHSLMMLJ[ZPU]VS]LKPU[OL
ÅV^HYV\UKH^PUNZHPSJHUILL_WSHPULKI`HWV[LU[PHSTVKLS ),4 ZLLTLKSPRLHNVVK[VVS
;OLZWLJPÄJMLH[\YLZVM[OPZJVKLPZ[OLJHWHIPSP[`[VTVKLSHUHYIP[YHY`U\TILYVM+ ^PUNZ ^P[O[OPJRULZZ
\UKLY[OLHZZ\TW[PVUVMWV[LU[PHSÅV ^ 7YLZZ\YLHUK]LSVJP[`]HS\LZJHUILMV\UK HUKMVYJLZVU[OL^PUN
JHUILJHSJ\SH[LK IV[OI`PU[LNYH[PVUVMZ\YMHJLWYLZZ\YL VYI`[OL\ZLVM[OL2\[[H1V\RV^ZRP[OLVYLTVU
[OL[YHPSPUNLKNLVM[OL^PUNZLLZLJ[PVU MVYTVYLVU[OPZ ;OLZOHWLVM[OLWV[LU[PHS^HRLL_[LUKPUN
MYVT[OL[YHPSPUNLKNLVM[OL^PUNPZJHSJ\SH[LK^P[OZ[YLHTSPULPU[LNYH[PVU ;OLNLVLT[Y`VM[OL^PUNZHYL
KPZJYL[PaLK\ZPUNÅH[WHULSZ HUKLHJOWHULSOHZHJVUZ[HU[]HS\LZV\YJLHUKKV\ISL[Z[YLUN[O -PN\YL
ZOV^ZHUPSS\Z[YH[PVUVMH^PUNTVKLS\ZLK^P[O[OL ),4 JVKL HSVUN^P[O[OLJHSJ\SH[LK^HRLZOHWL HUK
JVSVYTHWWLKWYLZZ\YL]HS\LZVU[OL^PUN

-PN\YL ! 0SS\Z[YH[PVUVMTVKLS\ZLKPU[OLJ\Z[VT),4 JVKL ^P[OJHSJ\SH[LK^HRLZOHWL HUKJVSVY
THWWLKWYLZZ\YL]HS\LZVU[OL^PUN
;OLYL^ LYLZL]LYHSYLHZVUZMVYKL]LSVWPUNHUL^JVKLMYVTZJYH[JO YH[OLY[OHU\ZPUNZVTLHSYLHK`L_PZ[PUN
ZVM[^HYL 6ULYLHZVUPZ[OH[THU`VM[OLH]HPSHISLJVKLZHYLVSK HUKUV[]LY`\ZLYMYPLUKS ` ^OPJOTHRL
[OLTOHYK[V\ZL -SL_PIPSP[`PUOV^[V\ZL[OLJVKLOHZHSZVILLUVMPTWVY[HUJLHUKOHZILLUHMVJ\Z
HYLHPU[OLKL]LSVWTLU[WYVJLZZ -VY[OPZWYVQLJ[P[TLHUZÅL_PIPSP[`PU[LYTZVMNLVTL[Y`VMHZPUNSL^PUN
HUKU\TILYVM^PUNZ\ZLKPU[OLZHTLZPT\SH[PVU 0UJHZL[OPZJVKLJHUILYL\ZLKH[HSH[LY[PTL ÅL_PIPSP[`
PU[LYTZVMJV\WSPUN[OPZJVKL^P[OV[OLY[`WLZVMZPT\SH[PVUJVKLZOHZHSZVILLU PTWVY[HU[ )HZLKVU
WYL]PV\ZL_WLYPLUJL^P[O+ WHULSJVKLZ P[^HZRUV^U[OH[ WHYHSSLS JVTW\[H[PVU^V\SKILHNYLH[ILULÄ[
PU[LYTZVMZPT\SH[PVU[PTL ( SV[VMLMMVY[OHZILLUW\[PU[VTHRPUNHJVKL[OH[JHU\[PSPaLHZT\JOVM[OL
JVTW\[PUNWV^LYH]HPSHISLHZWVZZPISL
(UV[OLY PTWVY[HU[ YLHZVU^HZ [OH[ [OLH\[OVYOHKHWLYZVUHS PU[LYLZ[ PU SLHYUPUN [OPZ [`WLVMU\TLYPJHS
ZPT\SH[PVUWYVWLYS `
-SL_PIPSP[`PU[LYTZVMNLVTL[Y`OHZILLUHJOPL]LKI`JV\WSPUN[OPZJVKL^P[O[OLVWLUZV\YJL+ TVKLSPUN
ZVM[^HYLJHSSLK )SLUKLY 0UVYKLY[VTHRL[OLJVKLYL\ZHISL[VNL[OLY^P[OV[OLYM\[\YLZPT\SH[PVUTVKLSZ
P[PZ^YP[[LUHSTVZ[LU[PYLS`PU[OLÅL_PISLHUK\ZLYMYPLUKS`WYVNYHTTPUNSHUN\HNL7`[OVU 6WLU*VTW\[PUN
3HUN\HNL6WLU*3 OHZILLU\ZLK[VHJJLZZL]LY`JVTW\[H[PVUHSJVYLPUWHYHSSLS H]HPSHISLPUHU`TVKLYU
WLYZVUHSJVTW\[LY UVTH[[LY^OL[OLYP[PZHUVYTHST\S[PJVYL *LU[YHS7YVJLZZPUN<UP[*7< VYH .YHWOPJZ
7YVJLZZPUN<UP[.7<;OPZPZHUPTWVY[HU[MLH[\YLHZTVKLYUJVTW\[LYZHYLNL[[PUNMHZ[LYHUKMHZ[LYI`
ILPUNTVYLHUKTVYLWHYHSSLSPUUH[\YL HUKT\JOVM[OL^VYRSVHKPUH ),4 JVKLPZPUOLYLU[S`WHYHSSLS
4HU`V[OLY]LYZPVUZVM ),4 JVKLZOHZILLU\ZLKHZYLMLYLUJLHUKPUZWPYH[PVU^OPSLKL]LSVWPUN[OPZJVKL
;OL^LSSRUV^UHUK]LY`WVW\SHY+ WHULSJVKL?-603 BDOHZILLU\ZLKMVYÄUKPUNYLMLYLUJLWYLZZ\YL
KPZ[YPI\[PVUZMVY+ MVPSZ ;OLVWLUZV\YJL ),4 JVKLJHSSLK ?-39 BDOHZILLUZ[\KPLK ^OPJOPUZVTL
ZLUZL PZH+ L_[LUZPVUVM?-603;OLTVZ[ PTWVY[HU[YLMLYLUJLOHZILLU[OL[OLVY`KVJ\TLU[ MVY[OL
=:(,96 JVKLBD ^OPJOOHZILLU]LY`OLSWM\S HUK[OLNLULYHSHWWYVHJOPU[OPZJ\Z[VT ),4 JVKLPZ]LY`
ZPTPSHY[V[OLTL[OVK\ZLKPU=:(,960UHKKP[PVU[V[OL=:(,96 [OLVY`KVJ\TLU[ [OLVYPNPUHSKVJ\TLU[Z
KLZJYPIPUNOV^[VL]HS\H[LWHULSPU[LNYHSZZLLZLJ[PVU^YP[[LUI`/LZZHUK:TP[OOHZILLUVMNYLH[
PTWVY[HUJL HZ[OPZPZ[OLVYPNPUHSYLMLYLUJLZHSSV[OLYWHULSJVKLZVYPNPUH[LZMYVT9LMLYLUJLBDHUKBD
;OLIVVR 3V^:WLLK(LYVK`UHTPJZ I`2H[aHUK7SV[RPU BDZLLTZ[VILH]LY`WVW\SHYZV\YJL^OLU

KL]LSVWPUN ),4 JVKLZ ;OLH\[OVYOHZHSZVOHKNYLH[Z\JJLZZPU\ZPUN[OPZIVVR^OPSLKL]LSVWPUNH+
WHULSJVKLH[HWYL]PV\ZWYVQLJ[BD ;OLIVVR^HZL_[LUZP]LS`\ZLKPU[OLILNPUUPUNVM[OLKL]LSVWTLU[
VM[OPZJVKL I\[JLY[HPUKL[HPSZHIV\[HUHJ[\HSU\TLYPJHSPTWSLTLU[H[PVUVMHM\SS+ ),4 JVKLPZHIP[
SHJRPUN HUKJH\ZLKZVTLJVUM\ZPVUMVY[OLH\[OVY ( TP_IL[^LLUYLMLYLUJLBDHUKBDPZILSPL]LK[V
JVU[HPU[OLULJLZZHY`PUMVYTH[PVU[VKL]LSVWH ),4 JVKL]LY`ZPTPSHY[V[OLVUL[OH[ZOHSSILKLZJYPILK
PU[OPZJOHW[LY 9LMLYLUJLBDMVY[OLV]LYHSSNLULYHS[OLVY ` PUH^LSS^YP[[LU\UKLYZ[HUKHISLTHUULY ^OPSL
YLMLYLUJLBDMVY[OLZTHSS I\[PTWVY[HU[KL[HPSZ
;OPZJOHW[LY^PSSNV[OYV\NO[OLTH[OLTH[PJHS[OLVY`ILOPUK[OPZ[`WLVMZPT\SH[PVU HSVUN^P[OZVTLKL[HPSZ
HIV\[[OLU\TLYPJHSPTWSLTLU[H[PVU ;OLYL^PSSILZVTLKPZJ\ZZPVUHIV\[[OLTVYLZWLJPHSMLH[\YLZ Z\JO
HZJV\WSPUN^P[O )SLUKLYHUK[OL\ZLVM 6WLU*3
 4H[OLTH[PJHS0TWSLTLU[H[PVU
;OLW\YWVZLVM[OL ),4 JVKLPZ[VÄUKHWV[LU[PHSÅV^ZVS\[PVU[OH[KLZJYPILZ[OLSPM[PUNÅV^HYV\UK^PUNZ
;OPZPZHJOPL]LKI`ZVS]PUN[OL3HWSHJLLX\H[PVU ^OPJOKLZJYPILZ[OLJVU[PU\P[`VMTHZZPUHUPYYV[H[PVUHS
PUJVTWYLZZPISL HUKPU]PZJPKÅ\PK!
∇2Φ = 0 
Φ PZ[OL]LSVJP[`WV[LU[PHS HUK[OL]LSVJP[`]LJ[VYPZKLÄULKHZ ] = ∇Φ ;OLZVS\[PVUT\Z[ILZH[PZÄLKPUH
Å\PKKVTHPU ^P[OIV\UKHY`JVUKP[PVUZ[OH[KL[LYTPULZ[OLZWLJPÄJILOH]PVYVM[OLZVS\[PVU ;OLIV\UKHY`
JVUZPZ[VMZVSPK^ HSSIV\UKHYPLZ ^HRLIV\UKHYPLZ HUKPUÄUP[`IV\UKHYPLZ ;OLNLULYHSIV\UKHY`JVUKP[PVUZ
MVYHWV[LU[PHSSPM[PUNÅV^WYVISLTPZ[OH[[OLÅV^JHUUV[NV[OYV\NOHZVSPK^HSS HU`KPZ[\YIHUJLZPU[OL
ÅV^T\Z[KPTPUPZO^ OLU[OLKPZ[HUJLMYVT[OLKPZ[\YIHUJLZV\YJLHYLHWWYVHJOPUNPUÄUP[ ` HUK[OLWV[LU[PHS
^HRLT\Z[ILZ\JO[OH[IV[O[OL2\[[HIV\UKHY`JVUKP[PVU HUK2LS]PUZJPYJ\SH[PVU[OLVYLTPZM\SÄSSLK
;OL3HWSHJLLX\H[PVUOHZHZWLJPHSWYVWLY[`^OPJOPZLZWLJPHSS`\ZLM\SPUU\TLYPJHSHUHS`ZPZVM[OLLX\H[PVU
;OPZWYVWLY[`JHUILZLLUI`\ZPUN[^VTH[OLTH[PJHS [YPJRZ ;OLÄYZ[[YPJRPZ[V\ZL.YLLUZZLJVUKPKLU[P[ `
3L[ φ HUK ψ IL[^VKPMMLYLU[ZJHSHYM\UJ[PVUZ 0MVULKLÄULZH]LJ[VYM\UJ[PVU - = ψ∇φ − φ∇ψ HUK\ZLZ
[OLKP]LYNLUJL[OLVYLTHSZVRUV^UHZ.H\ZZZ[OLVYLT^P[O[OPZ]LJ[VYM\UJ[PVU VULVI[HPUZ.YLLUZ
ZLJVUKPKLU[P[ ` HZMVSSV^Z!
∫
=VS\TL
(
ψ∇2φ− φ∇2ψ) dV = ∫
:\YMHJL
(ψ∇φ− φ∇ψ) · U dS 
0M φ HUK ψ OHWWLUZ[VHSZVZH[PZM`[OL3HWSHJLLX\H[PVU [OL[LYTVU[OLSLM[OHUKZPKLVMLX\H[PVU ^PSS
KPZHWWLHY ^OPJOSLH]LZ[OLYPNO[OHUKZPKLLX\HS[VaLYV ,X\H[PVU PZVUS`]HSPKPM[OLZ\YMHJLPU[LNYH[PVU
PZWLYMVYTLKVUHJSVZLKZ\YMHJL ;OH[PZ PM[OLÅ\PKKVTHPUVMPU[LYLZ[HYL[OLKVTHPU[OH[L_[LUKZMYVT
[OL^PUN [VPUÄUP[ ` ^P[OHWV[LU[PHS^HRLPUJS\KLK [OLU[OLZ\YMHJLVMPU[LNYH[PVUT\Z[IL[OL	Z\YMHJL	
H[PUÄUP[ ` [OL^PUNZ\YMHJL HUK[OL^HRLZ\YMHJL 9LMLYPUN[VÄN\YL [OLJVTWSL[LZ\YMHJLT\Z[IL
S = S∞ + SW + SB 

S∞
SB
SW
P
Fluid domain
Wing n
n
n
-PN\YL ! 0SS\Z[YH[PVUVMÅ\PKKVTHPU \ZLKHZHYLMLYLUJLMVYKL]LSVWPUN[OL[OLVY`MVY[OL),4 JVKL
;OLZLJVUK[YPJRPZ[VJOVVZL φ [VIL[OLHJ[\HS]LSVJP[`WV[LU[PHS[OH[PZVMPU[LYLZ[ Φ HUKSL[ ψ = 1/r
^OLYL r PZ[OLKPZ[HUJLMYVTHUHYIP[YHY`WVPU[ P  ;OPZL_WYLZZPVUVM ψ PZHRUV^UZVS\[PVU[V[OL3HWSHJL
LX\H[PVU HUKYLWYLZLU[ZHZV\YJLSVJH[LKH[ P  ;OLUVYTHSKLYP]H[P]LVMHZV\YJLPZJHSSLKH KV\ISL[ PU[OL
KPYLJ[PVUVM U 0M P PZSVJH[LKV\[ZPKL[OLÅ\PKKVTHPU .YLLUZZLJVUKPKLU[P[`JHUIL\ZLKKPYLJ[S ` \ZPUN
S HZ[OLZ\YMHJLVMPU[LNYH[PVU
∫
:
(
1
r
∇Φ− Φ∇1
r
)
U dS = 0 
/V^L]LY PM P PZSVJH[LKPUZPKL[OLÅ\PKKVTHPU [OLUVULT\Z[L_JS\KL P MYVT[OL[OLKVTHPUI`SL[[PUNH
ZWOLYLZ\YYV\UKP[ ^P[OHYHKP\Z[OH[NVLZ[V^HYKaLYV ;OPZTHUHNLZ[OLZPUN\SHYP[`[OH[VJJ\YZMVY ψ ^OLU
r → 0 0UKVPUN[OPZ VULJHUÄUKHUL_WYLZZPVUMVY[OL]HS\LVM Φ H[ P  HZHM\UJ[PVUVM[OLZ\YMHJLPU[LNYHS
;OLKL[HPSZVMOV^[VL]HS\H[L[OLSPTP[JHUILMV\UKPUYLMLYLUJLBD JOHW[LY ;OLYLZ\S[PZLX\H[PVU
Φ(P ) =
1
4π
∫
:
(
1
r
∇Φ− Φ∇1
r
)
U dS 
0M[OLWVPU[PZSVJH[LKPUZPKL[OLIV\UKHY` SB  [OLU P PZV\[ZPKL[OLÅ\PKKVTHPU HUKLX\H[PVU OVSKZ
[Y\L :PUJL[OPZZOV\SKNP]LaLYVJVU[YPI\[PVU[V[OL]LSVJP[`WV[LU[PHSH[HU`WVPU[PUZPKL[OLÅ\PKKVTHPU
HUV[OLYMVYTVMLX\H[PVU JHUIL^YP[[LUHZMVSS^VZ!
Φ(P ) =
1
4π
∫
SB
(
1
r
∇(Φ− Φi)− (Φ− Φi)∇1
r
)
U dS + 1
4π
∫
SW+S∞
(
1
r
∇Φ− Φ∇1
r
)
U dS 
Φi PZJHSSLK [OL PU[LYUHSWV[LU[PHS )LJH\ZL [OLJVU[YPI\[PVU MYVTIV[OZV\YJLZHUKKV\ISL[ZKPZHWWLHY
^OLU r → ∞ [OLJVU[YPI\[PVU MYVT[OLZ\YMHJLH[ PUÄUP[`JHUILL_WYLZZLKHZ φ∞ ^OPJOOHZH]HS\L
JVYYLZWVUKPUN[V[OLMYLLZ[YLHT]LSVJP[`WV[LU[PHS 0UHKKP[PVU PMVULHZZ\TLZ[OL^HRL[VIL[OPU [OLU

[OLUVYTHS]LSVJP[`ZOV\SKILJVU[PU\VZHJYVZZP[ PUVYKLY[VTHRLWO`ZPJHSZLUZL ;OL]HS\LVM − (φ− φi)
JHUILJVUZPKLYLK[OLKV\ISL[Z[YLUN[Oµ ^OPSL[OL]HS\LVM− (∇(φ− φi)U) JHUILJVUZPKLYLK[OLZV\YJL
Z[YLUN[Oσ ;OPZNP]LZ[OLMVSSV^PUNYLSH[PVUMVY[OL]LSVJP[`WV[LU[PHSH[HU`WVPU[PU[OLÅ\PKKVTHPU!
Φ(P ) = − 1
4π
∫
SB
σ
1
r
− µ U∇
(
1
r
)
dS +
1
4π
∫
SW
µ U∇
(
1
r
)
dS + φ∞(P ) 
Φ(P ) = φ+ φ∞ 
;OH[PZ [OL]HS\LVM[OL\URUV^U^HU[LKWV[LU[PHSH[WVPU[ P JHUILX\HU[PÄLKI`KPZ[YPI\[PUNZV\YJLZHUK
KV\ISL[Z^P[O\URUV^UZ[YLUN[OZH[[OLIV\UKHYPLZVM[OLKVTHPU ;OLYLPZUVULLK[V\ZL\URUV^U]HS\LZ
PUZPKL[OLKVTHPU HZL]LY`ZVS\[PVU[V[OL3HWSHJLLX\H[PVUJHUILYLWYLZLU[LKI`ZV\YJLZHUKKV\ISL[ZH[
[OLIV\UKHYPLZVM[OLKVTHPU ;OLJOHSSLUNLPZ[VÄUK[OL]HS\LZVM[OLZ[YLUN[OZ ;OL]HS\LZJHUILMV\UK
U\TLYPJHSS ` I`KPZJYL[PaPUN[OLIV\UKHY`Z\YMHJL HUKWLYMVYTPUN[OLPU[LNYH[PVUU\TLYPJHSS ` ;OLLX\H[PVUZ
[OH[KL[LYTPULZ[OL]HS\LZVM σ HUK µ HYLIHZLKVU[OLIV\UKHY`JVUKP[PVUZMVY[OLZWLJPÄJWYVISLT ;OPZ
NLULYH[LZHSPULHYLX\H[PVUZ`Z[LTPU[OLLUK ^P[O\URUV^U]HYPHISLZYLWYLZLU[PUN[OLZ[YLUN[OZ >OLU
[OLZ[YLUN[OZHYLMV\UKI`ZVS]PUN[OLZ`Z[LTVMLX\H[PVUZ [OL]LSVJP[`HUKWYLZZ\YLPU[OLÅ\PKKVTHPU
JHUILMV\UK =LSVJP[PLZHYLMV\UKI`[HRPUN[OLKLYP]H[P]LVM[OLWV[LU[PHS HUK[OLWYLZZ\YLPZMV\UK\ZPUN
)LYUV\SSPZWYPUJPWSL
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5L^THUUIV\UKHY`JVUKP[PVU ZWLJPM`PUN[OL]LSVJP[`H[[OL^HSS VY+PYPJOSL[IV\UKHY`JVUKP[PVU ZWLJPM`PUN
[OL]LSVJP[`WV[LU[PHSH[[OL^HSS
;OL5L^THUUIV\UKHY`JVUKP[PVUPZ[OLVUL[OH[PZLHZPLZ[[VZLL 0[ZH`Z[OH[[OL]LSVJP[`UVYTHS[VHZVSPK
Z\YMHJLT\Z[ILaLYV ILJH\ZLV[OLY^PZL [OLÅV^^V\SKNV[OYV\NO[OLZ\YMHJL HUK[OLZ\YMHJL^V\SK
UV[ILHZVSPK^HSS 6YPUTH[OLTH[PJZ!
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∂φ
∂n
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∂φ
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= −U <∞ H[ SB 
;OPZ[`WLVMIV\UKHY`JVUKP[PVUZPZ[OLVUL\ZLKI`/LZZHUK:TP[OPUYLMLYLUJLB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 +PYPJOSL[IV\UKHY`JVUKP[PVUPZ\ZLK
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φi = JVUZ[HU[ 
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^HSSIV\UKHY`JVUKP[PVU HZPM[OLYLVUS`^HZHMYLLZ[YLHT I`P[ZLSM /V^L]LY LHJOWHULSHSZVPUK\JLZ
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∫
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UVJSLHYIV\UKHY`JVUKP[PVU[OH[KL[LYTPULZ[OLYLSH[PVUZOPWIL[^LLUZV\YJLZHUKKV\ISL[Z ;OLVYL[PJHSS `
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[OLKV\ISL[Z[YLUN[OH[[OL[YHPSPUNLKNL 2LS]PUZJPYJ\SH[PVU[OLVYLTZ[H[LZ[OH[JPYJ\SH[PVUHYLJVUZLY]LK
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ZPKLVM[OL^PUN ;OL\WWLYZPKLPZKLÄULKHZ[OLWHULS[OH[OH]LHUVYTHS[OH[WVPU[ZPU[OLZHTLKPYLJ[PVU
HZ[OL^HRLWHULSZ
-PN\YL ! ;OL^HRLHUK^PUNKP]PKLKPU[VZ[YPWZ ^OLYLLHJOZLWHYH[LJVSVYYLWYLZLU[ZHZLWHYH[LZ[YPW
;OLKV\ISL[Z[YLUN[OVM[OL[YHPSPUNLKNLPZKLÄULKHZ[OLZ[YLUN[OVM[OL\WWLYWHULS TPU\Z[OLZ[YLUN[OVM
[OLSV^LYWHULS ;OH[PZ µW = µU − µL ,HJO^HRLWHULSPU[OLZHTLZ[YPWOH]L[OLZHTLZ[YLUN[O µW 
:PUJL[OLYLPZUVZV\YJLWHULSZPU[OL^HRL [OLYLPZUVQ\TWZPU[OL]LSVJP[ ` VUS`Q\TWZPU[OLWV[LU[PHS 0U
VYKLY[VZH[PZM`2LS]PUZJPYJ\SH[PVU[OLVYLTWLYMLJ[S ` [OL^HRLZOV\SKL_[LUK[VPUÄUP[ ` /V^L]LY HZSVUN
HZ[OL^HRLPZL_[LUKLK[VHÄUP[LSLUN[OH^H`MYVT[OL^PUN[OH[PZSHYNLLUV\NO [OLLMMLJ[VM[OL^HRL
VU[OL^PUN^PSSILHZPM[OL^HRLPZPUÄUP[LS`SVUN (YV\UKJOVYKSLUN[OZHYLMV\UK[VILSVUNLUV\NO
IHZLKVUJVU]LYNLUJLHUHS`ZPZ VM^OPJO[OLYLZ\S[ZJHUILZLLUPU[OLHWWLUKP_ZLJ[PVU ;OPZHSZV
TH[JOLZJSHPTZHIV\[[OLZHTL[VWPJPUYLMLYLUJLBD
:L[[PUN[OL^HRLKV\ISL[Z[YLUN[OPU[OPZTHUULYLUMVYJLZIV[O[OL2\[[HJVUKP[PVUHUK2LS]PUZJPYJ\SH[PVU
[OLVYLT /V^L]LY PUVYKLY[VTHRLWO`ZPJHSZLUZL [OLZOHWLVM[OL^HRLT\Z[ILJVYYLJ[ ;OH[PZ HZ[OL
^HRLPZUV[HÄ_LKZVSPK^HSS P[^PSSUV[ILHISL[VJHYY`HU`SVHKZ 6YPUV[OLY^VYKZ PUULLKZ[VMVSSV^[OL
Z[YLHTSPULZPU[OLÅV ^ 0U[OLZHTL^H`HZMVYHZVSPK^HSS [OLYLJHUILUVUVYTHS]LSVJP[`JVTWVULU[H[
[OL^HRLZ\YMHJL I\[PUZ[LHKVMMVYJPUN[OLÅV^[VMVSSV^[OL^HRL VULT\Z[MVYJL[OL^HRL[VMVSSV^[OL
ÅV ^ ;OPZ^PSSMVYJL[OL^HRL[VOH]L[OLJOHYHJ[LYPZ[PJYVSS\WZ[Y\J[\YL
;OLYLL_PZ[HML^KPMMLYLU[^H`ZVMKLHSPUN^P[O[OL^HRLZOHWL 6ULPZ[VZPTWS`SL[[OL^HRLMVSSV^[OLMYLL
Z[YLHT ULNSLJ[PUN[OLPUÅ\LUJLMYVT[OL^PUNHUK[OL^HRLP[ZLSM ;OPZPZRUV^UHZH	KYHNMYLL	^HRL HZ
P[JHYYPLZSVHKZ I\[UV[PU[OLKYHNKPYLJ[PVU ?-39\ZLZ[OPZHWWYVHJO ;OPZPZUV[JVYYLJ[ I\[[OLLYYVY
PZUV[SHYNLMVYZTHSSHUNSLZVMH[[HJR HUKP[PZJVUZPKLYHIS`ZPTWSLY[VPTWSLTLU[ (UV[OLYHWWYVHJOPZ[V
ZL[H^HRLZOHWLIHZLKVUL_WLYPLUJL 0[PZRUV^U[OH[[OL^HRL^PSSZOLKVM[OL[YHPSPUNLKNLPUHZTVV[O
THUULY I\[HM[LYH^OPSLZ[HY[MVSSV^PUN[OLMYLLZ[YLHT 4HU\HSS`HKQ\Z[PUN[OL^HRLZOHWL[V	SVVR	YPNO[
PZWVZZPISL HUKJV\SKILIL[[LY[OHUHKYHNMYLL^HRL PM[OL\ZLYPZL_WLYPLUJLKPU^HRLZOHWLZ ( [OPYK
^H`PZ[V\ZL^OH[ZJHSSLKH	^HRLYLSH_H[PVU	HWWYVHJO ;OPZTL[OVKPZKLZJYPILKPUYLMLYLUJLBD HUK
[OLH\[OVY[YPLK[VPTWSLTLU[[OPZHWWYVHJO VUS`[VKPZJV]LY[OH[P[^HZ]LY`\UZ[HISL 0[^HZKPZJV]LYLK
H[HSH[LYWVPU[ [OH[[OLKL]LSVWLYZVM?-39OHKKPZJV]LYLK[OLZHTL[OPUN ;OL`OHKPTWSLTLU[LK[OL
TL[OVK I\[KLHJ[P]H[LKP[K\L[VP[ZPUZ[HIPSP[`BD ;OL^H`[OLTL[OVK^VYRZPZI`JHSJ\SH[PUN[OLPUK\JLK
]LSVJP[`H[L]LY`^HRL]LY[L_ HUKKLMVYT[OL^HRLI`TV]PUNLHJO^HRL]LY[L_^P[O[OLPUK\JLK]LSVJP[ `
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;OL^ H`[OL^ HRLPZKLMVYTLKPU[OPZJVKL PZI`Z[YLHTSPULPU[LNYH[PVU ,HJOSPULL_[LUKPUNMYVT[OL]LY[PJLZ
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
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L_WSHPULKOLYLPZ\ZLK[V\WKH[L[OL^HRLZOHWL ;OPZJHUILKVULZL]LYHS[PTLZ HUK[OL^HRLZOHWL
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7HULS
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r(x, y, z)
dS 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φ(x, y, z) =
∫∫
7HULS
U ·∇ 1
r(x, y, z)
dS +V\ISL[
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VM[OPZ[`WLVMPU[LNYH[PVUPZ[HRLUKPYLJ[S`MYVTB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: =
√
Z.x2 + Z.y2 + Z.z2 
( =
√
H.x2 + H.y2 + H.z2 
) =
√
I.x2 + I.y2 + I.z2  
75 = W · U 
:3 = Z · S 
:4 = Z · T 
(3 = H · S 
(4 = H · T 
(S = (4 · :3− (3 · :4 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7( = 752:3+ (S · (4 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7) = 7(− (S · :4 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95<4 = :4 · 75 · () · 7(− ( · 7)) 
+564 = 7( · 7)+ 752( · ) · :42  
* = H[HU(95<4,+564) 
.3 = 1: SVN
∣∣∣∣(+ )+ :(+ )− :
∣∣∣∣ 
:V\YJLWV[LU[PHS!
φ = (S · .3− 75 · * 
+V\ISL[WV[LU[PHS!
φ = * 
:V\YJL]LSVJP[`!
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\ = H× I ((+ ))( · ) (( · )+ H · I) 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ul = −∂µ
∂l

um = − ∂µ
∂m
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∑
HSS^PUNWHULSZ
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Theoretical values
Values from BEM code. Cylinder with 256 vertices
Values from BEM code. Cylinder with 32 vertices
-PN\YL  ! 7YLZZ\YLJVLMÄJPLU[MVYHULHYPUÄUP[LJ`SPUKLY ;OLVYL[PJHSHUKU\TLYPJHS]HS\LZ
 5LHY0UÄUP[L>PUN
:HTLHWWYVHJOHZMVY[OL	PUÄUP[L	J`SPUKLY^ LYL\ZLKVU^ PUNWYVÄSLZ 6ULZ`TTL[YPJMVPS^ P[OHUKHUNSLVM
H[[HJR HUKVULJHTILYLKMVPSPZ[LZ[LK ;OLJHTILYLKMVPS 5(:( 3: OH]L[^VWYLZZ\YLKPZ[YPI\[PVUZ!
VULH[HZ[YPWJSVZL[V[OLZ`TTL[Y`WSHUL Z[YPW HUKVULH[[OLLUKVM[OL^ PUN Z[YPW 0[PZZLLU[OH[Z[YPW
OH]LZPNUPÄJHU[S`KPMMLYLU[WYLZZ\YLKPZ[YPI\[PVUJVTWHYLK[V[OL+ ]HS\LZ I\[[OPZPZ[VILL_WLJ[LK
;OPZPZPUMHJ[[OLYLHZVUMVYYLK\J[PVUPUSPM[MVYH+ ^PUN ;OLWYLZZ\YLKPZ[YPI\[PVUJSVZL[V[OLZ`TTL[Y`
WSHULÄ[Z^LSS^P[O[OL+ ]LYZPVUMYVT ?-603
0 0.2 0.4 0.6 0.8 1
−1
−0.8
−0.6
−0.4
−0.2
0
0.2
0.4
0.6
0.8
1
x/c
−C
p
 
 
XFOIL data
Custom BEM data strip 0
Custom BEM data strip 36
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Custom BEM data strip 0
XFOIL data
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Theoretical lift, elliptic wing, Asp = 3
Prandtl experimental data, rectangular wing, Asp = 3
BEM data, rectangular wing, Asp = 3
Theoretical lift, elliptic wing, Asp = 6
Prandtl experimental data, rectangular wing, Asp = 6
BEM data, rectangular wing, Asp = 6
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Elliptic wing, Asp = 6
Theoretical rectangular wing, δ = 0.0443, Asp = 6
Rectangular wing, BEM, Asp = 6
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^YP[PUN[OPZYLWVY[ I\[YLMLYLUJLBDJVU[HPUZ[OL[P[SLHUKH\[OVYVM[OLHY[PJSL ;OLKH[HMVY[OL[^VIVH[Z
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PUN[OL[OLVY`ILOPUK ?-603 JHUILMV\UKPUYLMLYLUJLB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0UVYKLY[V[LZ[[OL]PZJV\ZMVYT\SH[PVU HUL_WLYPTLU[^ LYLWLYMVYTLKI`[OLH\[OVY VYPNPUHSS`MVYHKPMMLYLU[
WYVQLJ[ WYLZLU[LKPUYLMLYLUJLBD ;OLYLL_PZ[KPMMLYLU[MYPJ[PVUSPULZMVYHÅH[WSH[L ;OLHUHS`[PJHS)SHZP\Z
MYPJ[PVUSPULMVYSHTPUHYÅV ^ HUK[OLLTWPYPJHS0;;*MYPJ[PVUSPULMVY[\YI\SLU[ÅV^HYLJVTWHYLK[V[OL
]PZJV\ZKYHNMYVT ?-603 PUÄN\YL ;OLMVPSPUX\LZ[PVUPZ5(*(  HUKHULTWPYPJHSZOHWLMHJ[VYPZ
\ZLKHSVUN^P[O[OLMYPJ[PVUSPULPUVYKLY[VTVKLS[OLMVYTKYHNVM[OLMVPS ;OH[PZ [OLPUJYLHZLPUKYHNMVY
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k = 2
(
1 + (t/c) + 60(t/c)4
)

0U[OPZLX\H[PVU t PZ[OL[OPJRULZZVM[OLMVPS HUK c PZ[OLJOVYKSLUN[O ;OPZZOHWLMHJ[VYPZ\ZLKHSVUN^P[O
[OLMYPJ[PVUMHJ[VY Cf  MYVTLHJOVM[OLMYPJ[PVUSPULZPUVYKLY[VLZ[PTH[L[OL]PZJV\ZKYHNJVLMÄJPLU[ CDv
HZMVSSV^Z!
CDv = k · Cf 
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JLU[LYVMNYH]P[`^PSSILOPNOS`KLWLUKLU[VUOV^[OLZOPWPZSVHKLK^P[OJHYNV ^OH[[`WLVMJHYNV[OLZOPW
PZ[YHUZWVY[PUN HUKOV^[OLO\SSHUKTHJOPULY`PZJVUZ[Y\J[LKHUKWSHJLK P[^HZKLJPKLK[VX\HU[PM`[OL
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2.;OPZPZHSLUN[OZJHSL[OH[PZ\UKLYZ[HUKHISL )`JVTWHYPUN[OL]HS\L 2. [V[OLKYHM[VM[OLZOPW PZPZ
WVZZPISL[VTHRLHQ\KNLTLU[VUOV^KPMÄJ\S[P[PZ[VHJOPL]L[OLYLX\PYLK]HS\LVM 2.0U[OPZZLJ[PVU [OL
TH[OLTH[PJHS[OLVY`VMPUP[PHSZ[HIPSP[`^PSSILNP]LU ^OPJOPZIHZLKVUYLMLYLUJLBD ;OLYLX\PYLK]HS\LVM
2. PZJHSJ\SH[LKI`ÄUKPUN[OL]HS\LVM 2. [OH[JYLH[LZHYLZ[VYPUNTVTLU[MVY[OLZOPW[OH[PZLX\HS[V[OL
OLLSPUNTVTLU[MYVT[OL^PUN ;OLZ[HIPSP[`WHYHTL[LYKH[HMVY[OL[^VZOPWZ^PSSHSZVILNP]LU
;OLYLX\PYLK]HS\LVM 2. PZKLWLUKLU[VU[OLTH_PT\THSSV^HISLOLLSPUNHUNSL >OH[[OPZHUNSLZOV\SK
IL PZHOHYKX\LZ[PVU[VHUZ^LY :[HIPSP[`PZHIPN[VWPJ ^OLYLZHML[`JVUZPKLYH[PVUZHYLHIPNWHY[ ;OPZPZ
HIP[V\[ZPKL[OLZJVWLVM[OLWYVQLJ[ ^OPJOPZTHPUS`MVJ\ZLKVUYLZPZ[HUJL )HZLKVU[OLSP[LYH[\YLYL]PL^
JOHW[LYHUK[OLOLLSL_WLYPTLU[ZWLYMVYTLKPU[OPZWYVQLJ[ P[ZLLTZ[OH[OLLSPUNHUNSLZ[OH[HYLSLZZ[OLU
KLNYLLZHYLUVUWYVISLTH[PJMYVTHYLZPZ[HUJLWVPU[VM]PL ^ 0UVYKLY[VILZVTL^OH[JVUZLY]H[P]L H
TH_PT\THSSV^HISLOLLSPUNHUNSLPZZL[[VILKLNYLLZ ;OLTH_PT\TYLX\PYLK]HS\LVM 2. PZJHSJ\SH[LK
IHZLKVU[OPZ ;OL]HS\LVM 2. ^PSSUV[[HRLPU[VHJJV\U[HU`ZHML[`JVUZPKLYH[PVUZ VUS`[OLKLTHUK[OH[
[OLOLLSPUNTVTLU[MYVT[OL^PUNZHPSZOHSSUV[JYLH[LSHYNLYOLLSPUNHUNSLZ[OHUKLNYLLZ
 4H[OLTH[PJHS;OLVY`VM:[HIPSP[`
0UP[PHSZ[HIPSP[`Z[HIPSP[`NP]LZHYLSH[PVUZOPWIL[^LLUNLVTL[YPJ]HYPHISLZMVYHZOPWO\SSHUK[OLKPZ[HUJLMYVT
[OLJLU[LYVMNYH]P[ ` [V[OLYV[H[PVUH_PZ RUV^UHZ[OLTL[HJLU[LY ;OPZ]HS\L PZRUV^UHZ .4)HZLK
VU[OL]HS\LVM .4[OLYLZ[VYPUNTVTLU[HYT .AJHUILJHSJ\SH[LK >OLU .A PZRUV^U [OLYLZ[VYPUN
TVTLU[PZJHSJ\SH[LKI`[HRPUN[OL^LPNO[PM[OLZOPWT\S[PWSPLK^P[O[OLYLZ[VYPUNTVTLU[HYT ;OLPUP[PHS
Z[HIPSP[`LX\H[PVUZ [HRLUKPYLJ[S`MYVTYLMLYLUJLBD PZHZMVSSV^Z!
.4 = 2)+ )4− 2. 
)4 = Iyy∇ 
.A = .4ZPU(θ) 
Mx = gρ∇.A 
;OLYLX\PYLTLU[MVY 2. PZ[OH[[OLOLLSPUNTVTLU[MYVT[OL^PUNT\Z[UV[L_JLLK[OLYLZ[VYPUNTVTLU[
MYVT[OLZOPW ;OLZPKLMVYJLMYVT[OL^PUNPZUHTLK Fy HUKP[PZHZZ\TLK[OH[[OLMVYJLPZHJ[PUNH[[OL
TPKKSLVM[OL^PUN ;OH[PZ [OLOLPNO[VM[OL^PUNZPZT ZV[OLKPZ[HUJLMYVT[OLKLJR[V[OLH[[HJRWPU[
VM[OLMVYJLPZT :PUJL[OLTVTLU[IHSHUJLPZ[HRLUHYV\UK[OLJLU[LYVMNYH]P[ ` [OL[V[HSHYTVM[OL
ZPKLMVYJLMYVT[OL^PUN^PSSILLX\HS[V H/2+D−KG ;OLYLZ\S[PUNYLX\PYLTLU[MVY[OL]HS\LVM 2. JHU
ILZLLUILSV^!

:[H[PJYLZ[VYPUNTVTLU[ ≥ /LLSPUNTVTLU[MYVT^PUN 
gρ∇.A ≥ Fy
(
H
2
+D − 2.
)

gρ∇.4ZPU θ ≥ Fy
(
H
2
+D − 2.
)
 
gρ∇ (2)+ )4− 2.) ZPU θ ≥ Fy
(
H
2
+D − 2.
)

gρ∇ (2)+ )4) ZPU θ − Fy
(
H
2
+D
)
≥ 2. (gρ∇ ZPU θ − Fy) 
2. ≤ gρ∇ (2)+ )4) ZPU θ − Fy
(
H
2 +D
)
(gρ∇ ZPU θ − Fy) 
 :OPWZ[HIPSP[`KH[H
;OLZOPWZ[HIPSP[`KH[HPZWYLZLU[LKPU[HISL ;OL]HS\LZMVY[OLJOLTPJHS[HURLYPZ[HRLUMYVT[OLZVM[^HYL
-YLL:OPW ZPUJL[OLNLVTL[Y`VM[OLJOLTPJHS[HURLYVYPNPUH[LZMYVT[OPZZVM[^HYL HUK-YLL:OPWOH]LM\UJ
[PVUZ[OH[JHSJ\SH[LZPUP[PHSZ[HIPSP[`WHYHTL[LYZ ;OL]HS\LZMVY:LYPLZPZJHSJ\SH[LK^P[O[OL+ TVKLSPUN
ZVM[^HYL9OPUV+HZ[OPZZVM[^HYLJVU[HPUZTL[OVKZ[VJHSJ\SH[L[OLULJLZZHY`]HS\LZIHZLKVU*(+
TVKLSZ
;HISL ! :[HIPSP[`KH[HMVY[OLZOPWTVKLSZ\ZLKPU[OPZWYVQLJ[
-YLL:OPW*OLTPJHS;HURLY :LYPLZ*VU[HPULY:OPW
D BTD  
∇ BT3D  
2) BTD  
Iyy BTD   
)4 BTD     
 .VPUNMYVT4VKLS:JHSL[V-\SS:JHSL
(SS [OLYLZPZ[HUJL]HS\LZ PU[OPZWYVQLJ[HYLVYPNPUHSS` MYVTTVKLSZJHSLZOPWZ :PUJL[OLYLZPZ[HUJL PU M\SS
ZJHSLPZKPMMLYLU[MYVT[OLYLZPZ[HUJLPUTVKLSZJHSL ZVTLZJHSPUNT\Z[ILHWWSPLK ;OLZJHSPUNPZKVUL
I`HZZ\TPUN[OL0;;*MYPJ[PVUSPUL HUKVUS`MYPJ[PVUYLZPZ[HUJLPZZJHSLK (PYYLZPZ[HUJLHUKHWWLUKHNL
YLZPZ[HUJLPZULNSLJ[LK HUKUVUVM[OLZOPWTVKLSZOH]LHU`[YHUZVTZ[LYUZV[OPZPZUV[TVKLSLK ;OL
MYPJ[PVUJVLMÄJPLU[IHZLKVU[OL0;;*MYPJ[PVUSPULPZNP]LUHZMVSSV^Z!
CF =
0.075
(SVN10 9L− 2)2

(Z[OLZOPWPZUV[HÅH[WSH[L HMVYTMHJ[VYPZULLKLK -VY[OL:LYPLZ 4(905;,2ZLTWPYPJHSMVYT\SHMVY
HMVYTMHJ[VYPZ\ZLK [HRLUMYVTYLMLYLUJLBD
k = 0.6Φ+ 75Φ3 
Φ =
CB
L
√
2B · T 

;OPZNP]LZ[OLYLZ\S[ k = 0.0705 MVY:LYPLZ ;OLMYPJ[PVUYLZPZ[HUJLMVY[OLJOLTPJHS[HURLYPZJHSJ\SH[LK
I`HZZ\TPUNHJVUZ[HU[YLSH[PVUZOPWIL[^LLU]PZJV\ZHUKMYPJ[PVUSPUL
0UVYKLY[VTVKLSYV\NOULZZVUHM\SSZJHSLZOPWO\SS HYV\NOULZZMHJ[VYPZ\ZLK ;OPZPZIHZLKVULTWPYPJHS
MVYT\SH [HRLUMYVTYLMLYLUJLBD!
∆CF =
[
110 (H · Us)0.21 − 403
]
C2F 
H = 150 
;OLYLZPK\HSKYHNJVLMÄJPLU[ CR PZHZZ\TLK[VILLX\HS[V[OLWYLZZ\YLKYHNJVLMÄJPLU[MVY[OL *-+ KH[H
^OPSL CR PZJHSJ\SH[LKI`Z\I[YHJ[PUNMYPJ[PVUHSYLZPZ[HUJLMYVT[OL[V[HSYLZPZ[HUJLMYVT[OL ,-+ +H[H ;OL
[V[HSYLZPZ[HUJLPZ[OLUJHSJ\SH[LKHZMVSSV^Z!
CT = CR + (1 + k) (CF +∆CF ) 
;OLZPKLMVYJLPZUV[ZJHSLK ;OH[PZ [OLZPKLMVYJLJVLMÄJPLU[ CS PZHZZ\TLK[VIL[OLZHTLPUIV[OTVKLS
ZJHSLHUKM\SSZJHSL ;OPZPZIHZLKVU[OLMHJ[[OH[[OLZPKLMVYJLPZTHPUS`MYVTWYLZZ\YL HUKMVY`H^HUNSLZ
^LSSILSV^Z[HSS ]PZJV\ZLMMLJ[ZHYLRUV^U[VOH]LSP[[SLLMMLJ[VUSPM[PUNZ\YMHJLZ
 -PUHS*V\WSLK4VKLS
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[OL^PUNTVKLSPZJVUZ[Y\J[LKZLLJOHW[LY [OLUL]LY`[OPUNT\Z[ILW\[[VNL[OLY PUVYKLY[VWYVK\JL
[OLÄUHSYLZ\S[Z ZLLUPUJOHW[LY ;OYLL[OPUNZHYLWSV[[LKMVYIV[OZOPWZ! LMMLJ[P]L[OY\Z[MYVT^PUNZHPSZ
^P[OHUK^P[OV\[[HRPUNPU[VHJJV\U[[OLO`KYVK`UHTPJLMMLJ[ZVM`H ^ [OL`H^HUNSLZL_WLYPLUJLKI`[OL
ZOPWZ \UKLY[OLPUÅ\LUJLVM[OL^PUNZHPSZ HUKÄUHSS ` [OLYLX\PYLK]HS\LZVM 2. PUVYKLY[VUV[L_JLLK
KLNYLLZOLLSPUNHUNSL 9LZPZ[HUJLPZVUS`JVUZPKLYLK[VILHM\UJ[PVUVMZWLLKHUK`H^HUNSL UV[OLLSPUN
HUNSLZLLJOHW[LY MVYTVYLVU[OPZ HZOLLSPUNHUNSLZZLLTZ[VOH]LSP[[SLLMMLJ[VU[OLYLZPZ[HUJL ;OL
ÄUHSYLZ\S[ZHYLYLHSS`Q\Z[HIHSHUJLIL[^LLUZPKLMVYJLMYVT[OL^PUNZHUKZPKLMVYJLMYVT[OLO\SS ;^ V
KPMMLYLU[HWWYVHJOLZHYL\ZLK^OPSLSVVRPUNH[[OL[OY\Z[MYVT[OL^PUNZHPSZ! [OY\Z[H[JVUZ[HU[ZWLLKHUK
JVUZ[HU[^PUK]LSVJP[ ` MVYKPMMLYLU[[Y\L^PUKKPYLJ[PVUZ HUKZWLLKHZHM\UJ[PVUVM^PUKKPYLJ[PVUHUK^PUK
ZWLLK
(SS[OL 4H[SHIZJYPW[Z[OH[HYL\ZLK[VNLULYH[LK[OLWSV[ZZOV^UPUJOHW[LY JHUILZLLUPUZLJ[PVU
 ,ɈLJ[P]L;OY\Z[7YLKPJ[PVU
;OLLMMLJ[P]L[OY\Z[PZMV\UKI`ÄYZ[ÄUKPUN[OLHUNSLVMH[[HJRMVY[OL^PUNTVKLS [OH[WYVK\JLZ[OLOPNOLZ[
HTV\U[VM[OY\Z[ ;OPZPZKVULI`ÄUKPUN[OLOPNOLZ[WVZZPISL[OY\Z[JVLMÄJPLU[ HZHM\UJ[PVUVM HWWHYLU[
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ULJLZZHY`ZPKLMVYJL ;OPZPZKVULI`\ZPUNI\PS[PUPU[LYWVSH[PVUM\UJ[PVUZPU 4H[SHI
;OLHKKLKYLZPZ[HUJLK\L[V`H^PZKLÄULKHZ[OLYLZPZ[HUJLH[[OL`H^HUNSL[OLNLULYH[LZLUV\NOZPKL
MVYJL[VIHSHUJL[OLZPKLMVYJLMYVT[OL^PUNZHPSZ TPU\Z[OLYLZPZ[HUJLH[aLYV`H^HUNSL ;OLLMMLJ[P]L
[OY\Z[ PZ[OLUKLÄULKHZ[OL[OY\Z[MYVT[OL^PUNZHPS TPU\Z[OLHKKLKYLZPZ[HUJL ;OLLMMLJ[P]L[OY\Z[
KP]PKLKI`[OLYLZPZ[HUJLMVYaLYV`H^HUNSL^PSS[OLUILH^H`[VTLHZ\YL[OLLMMLJ[VM[OL^PUNZHPSZ 0M[OPZ

]HS\LPZVUL [OL^PUNZHPSZ^PSSWYV]PKLLUV\NO[OY\Z[[VW\ZO[OLZOPWMVY^HYKH[[OLNP]LUZWLLKHSVUL 0M
[OL]HS\LPZSLZZ[OHUVUL HULUNPULOHZ[VOLSW
;OL`H^HUNSL[OH[JYLH[LZLUV\NOZPKLMVYJL[VIHSHUJL[OL^PUNZHPSPZZ[VYLKMVYWSV[[PUN ;OPZ^PSSILH
M\UJ[PVUVM^PUKKPYLJ[PVU PU[OLZHTL^H`[OH[HZ[OL[OY\Z[ ;OLULJLZZHY`]HS\LVM 2. PZHSZVJHSJ\SH[LK
HUKZ[VYLKMVYWSV[[PUN ;OPZPZHM\UJ[PVUVM[OLZPKLMVYJL HUK[OLYLI`HSZVHM\UJ[PVUVM^PUKKPYLJ[PVU
 =LSVJP[`7YLKPJ[PVU
;OLWYLKPJ[PVUVMZOPW]LSVJP[ ` ^P[OHNP]LU^PUKZWLLK PZZSPNO[S`TVYLJVTW\[H[PVUHSKLTHUKPUN HZTVYL
P[LYH[PVUZOHZ[VILWLYMVYTLKPUVYKLY[VÄUKHIHSHUJL (ZHÄYZ[N\LZZVM[OLZWLLKVM[OLZOPW [OL
YLZPZ[HUJLHUK[OY\Z[H[aLYV`H^HUNSL HUKaLYVZOPWZWLLKPZJHSJ\SH[LK ;OPZ]HS\LMVY[OLZOPWZWLLKPZ
^YVUN ^OPJOTHRLZ[OL]HS\LMVY[OL HWWHYLU[^PUKKPYLJ[PVU^YVUN ^OPJOTHRLZ[OL[OY\Z[^YVUN ;OL
YLZPZ[HUJLPZVMMJV\YZLHSZV^YVUN HZ`H^HUNSLZHYLUV[`L[JVUZPKLYLK /V^L]LY [OPZ^VYRZHZHNVVK
ÄYZ[N\LZZ ;OLIHSHUJLPZMV\UKI`ZPTWS`P[LYH[PUN\U[PS[OLJOHUNLPUWYLKPJ[LKZOPW]LSVJP[`MVYTVUL
P[LYH[PVU[V[OLUL_[PZZTHSSSLZZ[OHUMVY[OLZWLJPÄJWSV[Z\ZLKPUJOHW[LY (U\WKH[LK]HS\LVM
[OLZOPW]LSVJP[`THRLZMVYHIL[[LYN\LZZMVY[OL HWWHYLU[^PUKKPYLJ[PVU ^OPJOTHRLZMVYHIL[[LYN\LZZ
MVY[OL[OY\Z[ L[J 0U[OLLUK [OPZHWWYVHJONP]LZJVU]LYNLUJLMVY[OLZOPW]LSVJP[ ` HUKHZOPW]LSVJP[`
JVYYLZWVUKPUN[VIHSHUJLPU^PUN[OY\Z[HUKZOPWYLZPZ[HUJL HUKZPKLMVYJLMYVTZOPWHUK^PUNPZMV\UK

*OHW[LY
;OL7O`ZPJZVM>PUN:HPSZHUK/V^[V
4VKLSP[
>PUNZHPSZHYL HZ[OLUHTLZ\NNLZ[ ]LY`ZPTPSHY[VUVYTHS^PUNZ ;OL`HYLIV[OSPM[PUNZ\YMHJLZ ^OPJO
PZKLÄULKHZHIVK`[OH[JHUJYLH[LHMVYJLUVYTHS[V[OLPUJVTPUNÅV^KPYLJ[PVU PL SPM[ ;OL`HYLHSZV
ZPTPSHY[VUVYTHSZHPSZ HZ[OL`JYLH[L\ZLM\SMVYJLMYVT[OL^PUK^OLUZVTLJVTWVULU[VM[OL[V[HSMVYJL
WVPU[ZPU[OLZOPWZKPYLJ[PVUVM[YH]LS PL [OY\Z[ ;OL[OY\Z[PZKLWLUKLU[VU[OLZWLLKHUKKPYLJ[PVUVM[OL
HWWHYLU[^PUK ;OL HWWHYLU[^PUKPZKLÄULKHZ[OLZ\TVM[OL[Y\L^PUK]LSVJP[`HUK[OLPUJVTPUN]LSVJP[`
K\L[V[OLTV[PVUVM[OLZOPW ;OLHWWHYLU[^PUKOP[Z[OLZHPSH[HUHUNSLYLSH[P]L[V[OLKPYLJ[PVUVM[YH]LS
HUKSPM[^PSSILNLULYH[LKUVYTHS[V[OL HWWHYLU[^PUK ^OPSLKYHNPZNLULYH[LKWHYHSSLS[V[OLHWWHYLU[^PUK
;OLUVTLUHJS\YL\ZLK[VKLZJYPIL^PUNZHPSZHYL[OLZHTLHZ[OLVUL\ZLK[VKLZJYPILUVYTHS^PUNZ (U
V]LY]PL^VMZVTLL_WYLZZPVUZHYLNP]LUPUÄN\YL
Height, H,
or span 
of wing
Planform of wing
Planform area = A
Chord, c
Wing profile
Trailing edge
Wing tip
Leading edge
-PN\YL ! 5VTLUHJS\YL\ZLK[VKLZJYPIL^PUNZHPSZ

0U[OPZJOHW[LY [OLYL^PSSÄYZ[ILHIYPLMV]LY]PL^VM[OLMVYJLZ[OH[HJ[VUH^PUNZHPS HUKOV^[OLZLMVYJLZ
HYLTVKLSLKPU[OPZWYVQLJ[ ;OLU[OLYL^PSSILHKPZJ\ZZPVUHIV\[[OLKPMMLYLUJLZIL[^LLUUVYTHSHPYWSHUL
^PUNZHUK^PUNZHPSZ (S[OV\NO[OLZPTPSHYP[PLZIL[^LLUHPYWSHUL^PUNZHUK^PUNZHPSZHYLZ[YPRPUN [OLYLHYL
H[SLHZ[VULM\UKHTLU[HSKPMMLYLUJL [OH[ZOV\SKOH]LZVTLLMMLJ[VU[OLKLZPNUVM[OL^PUNZHPS (M[LY[OPZ
KPZJ\ZZPVUZLJ[PVU ZVTLZPTWSLU\TLYPJHSL_WLYPTLU[ZHYLWLYMVYTLKPUVYKLY[VWPJRHMVPSWYVÄSL[V\ZL
PU[OL^PUNZHPSZPT\SH[PVUPU[OPZWYVQLJ[ ;OPZ^PSSUV[ILHUL_[LUZP]LZ[\K`VM[OLZOHWLVM[OLMVPSWYVÄSL
I\[HML^JHUKPKH[LZHYL[LZ[LK 0UHKKP[PVU[VÄUKPUNHMVPSWYVÄSL [OL+ LMMLJ[ZVU[OL^PUNZT\Z[IL
KL[LYTPULK HZ[OPZPZRUV^U[VILVMNYLH[PTWVY[HUJL 8\HU[PM`PUN[OLYLK\J[PVUPUSPM[ HUKPUJYLHZLPUKYHN
K\L[V+ LMMLJ[ZHYLKVUL^P[O[OLJ\Z[VT )V\UKHY`,SLTLU[4L[OVK),4 JVKLMVYIV[OYLJ[HUN\SHY
^PUNZHSVUL HUK^PUNZPUHYV ^ ;OL^PUNZMVYIV[O[OLJOLTPJHS[HURLYHUK:LYPLZHYL[LZ[LK ;OL
KPTLUZPVUZVM[OL^PUNZ^LYLKL[LYTPULKPU[OLPU[YVK\J[PVU HUKJHUILZLLUPU[HISL
 -VYJLZMYVTH^PUNZHPS
>OLUHPYÅV^ZV]LYH^PUN MVYJLZHYLJYLH[LK ;OLJVU]LU[PVUHS^H`VM SVVRPUNH[ [OLZLMVYJLZHYL[V
KP]PKL[OLTPU[^V UHTLS` SPM[ HUK KYHN +YHNHJ[ZPU[OLZHTLKPYLJ[PVUHZ[OLPUJVTPUNÅV ^ ^OPSLSPM[HJ[Z
WLYWLUKPJ\SHY[V[OLPUJVTPUNÅV ^ ;OPZPZ[OLTVZ[UH[\YHS^H`VMSVVRPUNH[^PUNMVYJLZ^OLUVULHYL
[HSRPUNHIV\[HPYWSHULZ! SPM[PZ[OL\ZLM\SMVYJL[OH[RLLWZ[OLWSHULMYVTMHSSPUN[V[OLNYV\UK ^OPSLKYHNPZ
[OLULNH[P]LMVYJL [OH[JYLH[LZ[OLULLKMVYIPNQL[LUNPULZ -VYH^PUNZHPS P[PZTVYLUH[\YHS[VKP]PKL[OL
MVYJLZPU[V [OY\Z[ HUK ZPKLMVYJL ;OY\Z[W\ZOLZ[OLZOPWMVY^HYK ^OPSL[OLZPKLMVYJL[YPLZ[VW\ZO[VZOPW
ZPKL^H`Z ;OY\Z[HUKZPKLMVYJLJVUZPZ[ZVMIV[OSPM[HUKKYHN ^OLYL[OLYLSH[PVUZOPWIL[^LLUSPM[ KYHN
[OY\Z[HUKZPKLMVYJLHYLKLWLUKLU[VU[OL HWWHYLU[^PUKKPYLJ[PVU
 3PM[
3PM[ HS[OV\NO PUOLYLU[S`HWOLUVTLUVU [OH[VUS`L_PZ[K\L [V]PZJVZP[ ` PZTVKLSLKWYL[[`HJJ\YH[LS`I`
WV[LU[PHS[OLVY ` H[SLHZ[MVYZTHSSHUNSLZVMH[[HJRHMHJ[[OH[PZJV]LYLKPUTHU`[L_[IVVRZ MVYPUZ[HUJL
YLMLYLUJLBD )`LUMVYJPUN[OL 2\[[HJVUKP[PVU H[[OL[YHPSPUNLKNLVMH^PUN [OL]PZJV\ZLMMLJ[[OH[JYLH[LZ
SPM[JHUILJHW[\YLKPUHUHJJ\YH[L^H ` ;OL2\[[HJVUKP[PVUZH`Z[OH[[OLÅV^T\Z[SLH]L[OL[YHPSPUNLKNL
VMH^PUN ZTVV[OS` 6Y [VZH`P[ PUHHULX\P]HSLU[^H ` [OLYLHYZ[HNUH[PVUWVPU[T\Z[ILH[[OL[YHPSPUN
LKNL ;OPZPZ[OLVUS`ZVS\[PVU[VHWV[LU[PHSÅV^HYV\UKHIVK`^P[OHZOHYW[YHPSPUNLKNL [OH[KVLZUV[
WYVK\JLPUÄUP[L]LSVJP[PLZH[[OL[YHPSPUNLKNL (S[OV\NO[OLYLPZUVTLJOHUPZTMVYZ[VWWPUNPUÄUP[L]LSVJP[PLZ
PUWV[LU[PHS[OLVY`HSVUL ]PZJVZP[`PU[OLYLHS^VYSK^PSSHS^H`ZTHRLZ\YL[OPZKVLZUV[OHWWLUL]LU[OV\NO
]LY`SHYNL]LSVJP[PLZJHUOHWWLUMVYZOVY[WLYPVKZVM[PTL Z\JOHZPU[OLZ[HY[\WWLYPVKVMÅV^HYV\UK^PUNZ
BD
-VYZTHSSHUNSLZVMH[[HJR [OLÅV^HYV\UKH^PUN^PSSILSPULHYS`WYVWVY[PVUHS[V[OLHUNSLVMH[[HJR ;OH[PZ
HZSVUNHZ[OLÅV^PZH[[HJOLK[V[OL^PUN HUKZLWHYH[PVUOHWWLUZH[ VY]LY`JSVZL[V [OL[YHPSPUNLKNL
WV[LU[PHS[OLVY`WYLKPJ[ZHJJ\YH[LSPM[ ^OPJOPZSPULHYHZHM\UJ[PVUVMHUNSLVMH[[HJR -VYSHYNLHUNSLZVM
H[[HJR ZLWHYH[PVUVJJ\YZHKPMMLYLU[WSHJL[OHU[OL[YHPSPUNLKNL HUK[OLSPULHYILOH]PVYZ[VWZ
;OYLLKPTLUZPVUHSLMMLJ[ZOH]LSHYNLPTWHJ[VU[OLSPM[MVYJLZMYVTH^PUN ;OLSPM[MVYJLOHWWLUZILJH\ZL
VULZPKLVM[OL^PUNOH]LSV^WYLZZ\YL ^OPSL[OLV[OLYOH]LOPNOWYLZZ\YL ([[OL[PWVM[OL^PUN [OLÅV^
MYVT[OLOPNOWYLZZ\YLZPKL^PSSÅV^HYV\UK[OL[PW[V[OLSV^WYLZZ\YLZPKL ;OPZSV^LYZ[OLWYLZZ\YLVU
[OLOPNOWYLZZ\YLZPKL HUKPUJYLHZLZ[OLWYLZZ\YLVU[OLSV^WYLZZ\YLZPKL ^OPJOPULMMLJ[YLK\JLZ[OLSPM[
(UV[OLY^H`VMSVVRPUNH[P[PZI`JVUZPKLYPUN[OLMHJ[[OH[[OPZÅV^HYV\UK[OL^PUN[PW^PSSJYLH[L]VY[PJLZ
0UWV[LU[PHS[OLVY ` H]VY[L_^PSSPUK\JL]LSVJP[PLZ ^OPJOOHWWLUZ[VILZ\JO[OH[[OL`YLK\JL[OLLMMLJ[P]L
HUNSLVMH[[HJRMVY[OL^PUN
3PM[ PZX\HU[PÄLK^P[O SPM[JVLMÄJPLU[Z CL =PZJV\ZLMMLJ[ZVU SPM[JHUILHWWYV_PTH[LKI` SVVRPUNH[ [OL
]PZJV\ZLMMLJ[VU[OL[^VKPTLUZPVUHSSPM[JVLMÄJPLU[ CL,2D 5LNSLJ[PUN]PZJV\ZLMMLJ[Z^PSSWYLKPJ[H[^V
KPTLUZPVUHSSPM[JVLMÄJPLU[LX\HS[V 2πα ^OLYL α PZ[OLHUNSLVMH[[HJRMVY[OL^PUN 0U[OPZWYVQLJ[ ]PZJV\Z
LMMLJ[ZVUSPM[^PSSILWYLKPJ[LKVU[OL[^VKPTLUZPVUHS MVPSWYVÄSL VM[OL^PUN \ZPUN ?-603^OPSL[OL ),4

JVKL^PSSIL\ZLK[VWYLKPJ[[OYLLKPTLUZPVUHSLMMLJ[Z ;OH[PZ [OLMVSSV^PUNL_WYLZZPVUZHWWS`!
CL =
3PM[
1
2ρAU
2
= CL,2D,viscous · CL,BEM
2πα

 +YHN
+YHNVUH^PUNJHUILKP]PKLKPU[^V! ]PZJV\ZKYHNHUKWV[LU[PHSKYHN (Z^P[OL]LY`[OPUNL_PZ[PUNPUH
TV]PUNÅ\PK ]PZJVZP[`^PSSJYLH[LKYHNMVYJLZVUH^PUN ^P[OVY^P[OV\[SPM[ :PUJLH^PUNPZHZSLUKLYIVK `
^OLYL[OLÅV^PZH[[HJOLK [OPZ]PZJV\ZKYHNMVYJL^PSSTHPUS`ILK\L[VMYPJ[PVUIL[^LLU[OLÅV^VMHPYHUK
[OL^PUNZ\YMHJL
;OYLLKPTLUZPVUHSWV[LU[PHS[OLVY`HSZVWYLKPJ[ZKYHN OV^L]LY VUS`MVYH^PUN[OH[JYLH[LZSPM[ ;OPZPZVM[LU
JHSSLK SPM[PUK\JLKKYHN VY ]VY[L_KYHN HZ[OLKYHNMVYJLZZ[LTZMYVT[OLPUK\JLK]LSVJP[PLZ[OH[HYLJYLH[LK
I`[OL]VY[PJLZ[OH[HYLZOLKMYVT^PUNPU[OLWYVJLZZVMJYLH[PUNSPM[ ;OLHJ[VMJYLH[PUNSPM[ JYLH[LZ]VY[PJLZ
H[[OL^PUN[PWZ ^OPJOHS[LYZ[OL]LSVJP[`ÄLSKH[[OL^PUNP[ZLSM ^OPJOHNHPUOHZ[OLLMMLJ[VM	[PS[PUN	[OLSPM[
PU[OLKPYLJ[PVUVM[OLPUJVTPUN]LSVJP[ ` ;OPZOHZ[OLLMMLJ[[OH[[OL+ MVYJL]LJ[VYOHZHJVTWVULU[PU[OL
KPYLJ[PVUVM[OLPUJVTPUNÅV ^ PL KYHN
( JVTTVUTVKLSMVYSPM[PUK\JLKKYHNPZ[VHZZ\TL[OH[P[PZWYVWVY[PVUHS[V[OLSPM[JVLMÄJPLU[ZX\HYLK ;OPZ
PZIHZLKVU[OLVYL[PJHS YLZ\S[Z MVYHULSSPW[PJ^PUN [OLWSHUHY^PUNZOHWL[OH[NP]LZ[OL SLHZ[HTV\U[VM
SPM[PUK\JLKKYHN -VYHULSSPW[PJ^PUN [OLSPM[PUK\JLKKYHNJVLMÄJPLU[JHUIL^YP[[LUHZMVSSV^Z!
CDi,elliptic =
+YHNMYVTWV[LU[PHS[OLVY`
1
2ρAU
2
=
C2L
πAsp

-VYHUVULSSPW[PJ^PUN [OLNLULYHSILOH]PVY^PSSIL[OLZHTL PL WYVWVY[PVUHS[V[OLSPM[JVLMÄJPLU[ZX\HYLK
I\[ZSPNO[S`OPNOLY ;OPZPZVM[LUL_WYLZZLKHZMVSSV^Z!
CDi,non−elliptic =
C2L
πeAsp
=
C2L
πAsp
(1 + δ) 
;OL]HS\LVM δ PZVM[LUZTHSS -VYPUZ[HUJL MVYHYLJ[HUN\SHY^PUN ^P[O (ZW$ δ $ IHZLKVUKH[H
MYVTYLMLYLUJLBD ;OLMHJ[VY e PZRUV^UHZ[OLZWHULMÄJPLUJ`MHJ[VY ;OLZWHULMÄJPLUJ`MHJ[VYPZVUS`
PUJS\KPUNWV[LU[PHSLMMLJ[Z ;OL]PZJV\ZUH[\YLVMKYHNPZHSZVZ\JO[OH[P[PZHWWYV_PTH[LS`WYVWVY[PVUHS[V
[OLSPM[JVLMÄJPLU[ZX\HYLK 0M]PZJV\ZLMMLJ[ZHYLPUJS\KLKPU e P[PZVM[LUJHSSLK[OL 6Z^HSKLMÄJPLUJ`U\TILY
BD
-VY[OPZWYVQLJ[ ]PZJV\ZLMMLJ[ZHYLTVKLSLK^P[O ?-603 I`\ZPUNPU[LNYHSIV\UKHY`SH`LY[OLVY ` HUK[OL
KH[HMVYHJLY[HPU^ PUNWYVÄSL MVYHJLY[HPUHUNSLVMH[[HJR PZMV\UKI`PU[LYWVSH[PUN[OLYH^KH[HMYVT ?-603
YH[OLY[OHUÄUKPUNH]PZJV\Z]HS\LVM e δ PZMV\UKI`\ZPUN[OL ),4 JVKL (Z δ PZYH[OLYZTHSS [OLL_HJ[
]HS\LMVY δ PZUV[]LY`PTWVY[HU[ (JJ\YH[L]HS\LZMVY[OLSPM[JVLMÄJPLU[OH]LHT\JOIPNNLYPUÅ\LUJLVU[OL
KYHN]HS\LZ[OHUHJJ\YH[L]HS\LZVM δ ZLLJOHW[LY MVY]HSPKH[PVUVM[OLSPM[]HS\LZJHSJ\SH[LKI`[OL ),4
JVKL ;OLJVTWSL[LKYHNTVKLSMVY^PUNZPU[OPZWYVQLJ[JHUIL^YP[[LUHZMVSSV^Z!
CD =
+YHN
1
2ρAU
2
= CDv(MYVT_MVPS,α) +
C2L
πAsp
(1 + δMYVT),4) 
/LYL CDv PZ[OL]PZJV\ZKYHNJVLMÄJPLU[ HUK α PZ[OLHUNSLVMH[[HJRMVY[OL^PUN

 ;OY\Z[HUK:PKL-VYJL
;OL [OY\Z[ HUKZPKL MVYJLHYLNP]LU^OLU [OL SPM[ HUKKYHN PZ RUV^U ;OY\Z[ HUKZPKL MVYJLHYLVUS`H
[YHUZMVYTH[PVUVMSPM[HUKKYHNPU[VHUL^JVVYKPUH[LZ`Z[LT >OLU[HSRPUNHIV\[SPM[HUKKYHN [OLJVVYKPUH[L
Z`Z[LTOHZ[OL_H_PZWHYHSSLS^P[O[OLPUJVTPUNÅV ^ HUK[OL`H_PZUVYTHS[V[OLPUJVTPUNÅV ^ >OLU
[HSRPUNHIV\[[OY\Z[HUKZPKLMVYJL [OL_H_PZPZWVPU[LKPU[OLKPYLJ[PVUVM[YH]LSMVY[OLZOPW ;OH[PZ [V^HYKZ
[OLIV ^ ;OL`H_PZPZWVPU[LK[V[OLWVY[SLM[ZPKLVM[OLZOPW :LLÄN\YL MVYH]PZ\HSL_WSHUH[PVU
x
Apparent windy
Ship
Side force
Thrust
Lift
Drag θ
-PN\YL ! 0SS\Z[YH[PVUVM[OLYLSH[PVUZOPWIL[^LLU[OLKPMMLYLU[MVYJLZHJ[PUNVUH^PUNZHPS
0UTH[OLTH[PJZ [OLYLSH[PVUZOPWIL[^LLUSPM[ KYHN [OY\Z[HUKZPKLMVYJL^PSSILHZMVSSV^Z!
;OY\Z[ = 3PM[ · ZPU θ − +YHN · JVZ θ 
:PKL-VYJL = −3PM[ · JVZ θ − +YHN · ZPU θ 
;OL[OY\Z[PZZ`TTL[YPJHIV\[[OL_H_PZ ^OPSL[OLZPKLMVYJLPZHU[PZ`TTL[YPJ ZVPU[OPZYLWVY[ [OY\Z[HUK
ZPKLMVYJLHYLVUS`JHSJ\SH[LKMVY θ ]HS\LZIL[^LLUHUKKLNYLLZ
0UVYKLY[VTHRL[OL[OY\Z[HUKZPKLMVYJLUVUKPTLUZPVUHS JVLMÄJPLU[ZHYL\ZLK Cx HYL[OL[OY\Z[JVLMÄ
JPLU[ ^OPSL Cy PZ[OLZPKLMVYJLJVLMÄJPLU[ ;OL`HYLKLÄULKHZMVSSV^Z!
Cx =
;OY\Z[
1
2ρAU
2
= CL ZPU θ − CD JVZ θ 
Cy =
:PKLMVYJL
1
2ρAU
2
= −CL JVZ θ − CD ZPU θ 
 
;OL[OY\Z[MYVTH^PUNZHPS^PSSILKLWLUKLU[VU[OLHUNSLVM[OL HWWHYLU[^PUK ;OLYLSH[PVUZOPWIL[^LLU
HWWHYLU[^PUKHUK[Y\L^PUKJHUILZLLUPUÄN\YL
 
βUS
UW
x
y
Ship
Uw,A
US = Incoming velocity due to ship movement
UW = True wind
Uw,A = Apparent wind θ
-PN\YL ! 9LSH[PVUZOPWIL[^LLU^PUK ZOPW]LSVJP[`HUKHWWHYLU[^PUK
;OL]LSVJP[`JVTWVULU[Z HUKHUNSL VMHWWHYLU[^PUK YLMLYYPUN[VÄN\YL HYLNP]LUHZMVSSV^Z!
uw,A = −UW JVZβ − US 
vw,A = −UW ZPUβ 
θ = [HU−1
(
vw,A
uw,A
)

 >PUN:HPSZ]Z*VU]LU[PVUHS>PUNZ
>OPSL[OLW\YWVZLVMHUVYTHS^PUNPZ[V\ZL[OLSPM[[VJV\U[LY[OLW\SSVMLHY[OZNYH]P[`VUHUHPYWSHUL [OL
W\YWVZLVMH^PUNZHPSPZ[VW\ZO[OLZOPWMVY^HYKHZMHZ[HZWVZZPISL ;OPZJYLH[LZVULPTWVY[HU[KPMMLYLUJL
^OPJOOHZHJVUZLX\LUJL^OLUP[JVTLZ[V[OLKLZPNUVM[OL^PUN
( UVYTHSHPYWSHUL^PUNT\Z[ILKLZPNULKPUZ\JOH^H`[OH[PUJHUJYLH[L LUV\NO SPM[[VRLLW[OLHPYWSHUL
Å`PUN +YHNPZW\YLS`HULNH[P]LLMMLJ[[OH[PUJYLHZLZ[OLYLX\PYLKWYVW\SZP]LWV^LY ;OPZTLHUZ[OH[HU
VW[PTHSKLZPNUVMHUVYTHSHPYWSHUL^PUNJV\SKILKLÄULKHZ[OL^PUN[OH[JYLH[LZ LUV\NO SPM[ ^P[O[OL
TPUPT\T HTV\U[VMKYHN;OPZTPNO[UV[IL[Y\LMVYTVYLZWLJPHSHPYWSHULZ Z\JOHZÄNO[LYQL[Z HJYVIH[PJ
WSHULZL[J I\[PZÄ[[PUNMVYHWHZZLUNLYJHYNVHPYWSHUL ;OLHTV\U[VMSPM[[OH[JHUILJVUZPKLYLK LUV\NO
PZVMMJV\YZLKLWLUKLU[VU[OL^LPNO[VM[OLHPYWSHUL ^OPJOHSZVPZKLWLUKLU[VU[OLZPaLVMM[OL^PUN
I\[P[^PSSILHÄUP[LHTV\U[ ;OLYLL_PZ[HSPTP[[VOV^T\JOSPM[[OLYLPZULJLZZHY`[VJYLH[LMVYHUVYTHS
HPYWSHUL^PUN :PUJL[OLUH[\YLVMSPM[PZZ\JO[OH[[OL]LY`HJ[VMSPM[PUNHSZVJYLH[LZKYHN P[ZUV[ULJLZZHYPS`
ILULÄJPHS [V\ZLOPNOSPM[JVLMÄJPLU[^PUNZ +V\ISPUN[OL SPM[JVLMÄJPLU[YLK\JLZ[OLULJLZZHY`^PUNHYLH
[VOHSM P[ZVYPNPUHS]HS\L ^OPJOHSZV YV\NOS`ZWLHRPUN YLK\JLZ[OL]PZJV\ZKYHN[VOHSM P[ZVYPNPUHS]HS\L
/V^L]LY ZPUJL[OLSPM[PUK\JLKKYHNPZWYVWVY[PVUHS[V[OLSPM[JVLMÄJPLU[ZX\HYLK KV\ISPUN[OLSPM[JVLMÄJPLU[
^PSSHJ[\HSS`T\S[PWS`[OLSPM[PUK\JLKKYHNJVLMÄJPLU[I`MV\Y ;OL^PUNHYLHPZJ\[PUOHSM I\[[OPZVUS`THRLZ
P[ZV[OH[[OLSPM[PUK\JLKKYHN^PSSILKV\ISLK PUZ[LHKVMT\S[PWSPLKI`MV\Y )LJH\ZLVM[OPZ [OLYLL_PZ[HU
VW[PTHS^PUNHYLH HUK[OLYLI`HUVW[PTHSSPM[JVLMÄJPLU[ MVYHJLY[HPU^PUNKLZPNUH[HJLY[HPUZWLLK 6M[LU
[OPZYLZ\S[ZPUHUVW[PTHSSPM[JVLMÄJPLU[[OH[PZYH[OLYSV ^ ;OPZJHUMVYPUZ[HUJLILZLLUPMVULZ[\KPLZ[OL
TPKZWHUMVPSWYVÄSLMVY[OLWHZZLUNLYHPYWSHUL)VLPUN ^OPJOJHUZLLUPUÄN\YL

H )VLPUNTPKZWHUHPYMVPS IIPS

I /PNOSPM[HPYMVPS ,WWSLY,
-PN\YL ! ,_HTWSLVMHPYWSHUL^PUNWYVÄSLZ ZV\YJL! BD
*VTWHYLK[V[OLOPNOSPM[MVPSWYVÄSL,WWSLY, [OPZMVPSWYVÄSLOHZ]LY`SP[[SLJHTILY HUK[OLYLI ` ]LY`SV^
SPM[JVLMÄJPLU[ HJJVYKPUN[V ?-6030M[OLSPM[JVLMÄJPLU[^HZOPNOLY [OLYLJV\SKILHZTHSSLY^PUN
HYLH HUK[OLYLI`SV^LY]PZJV\ZKYHN I\[HOPNOLYSPM[JVLMÄJPLU[^V\SKHSZVPUJYLHZL[OLPUK\JLKKYHN HUK
V]LYHSS[OLYLPZWYVIHIS`UVILULÄ[PUKVPUN[OPZZPUJL)VLPUNOHZKLJPKLK[V\ZL[OPZZWLJPÄJMVPS :V[OL
NVHSPZQ\Z[[VJYLH[LLUV\NOSPM[^ P[OTPUPT\THTV\U[VMKYHN HUK[OLYLPZHSPTP[[VOV^T\JOSPM[[OH[ULLKZ
[VILJYLH[LK (ZOPNOSPM[JVLMÄJPLU[ZJYLH[LZOPNOSPM[PUK\JLKKYHN MVPSWYVÄSLZMVYHPYWSHULZ^PSSTHU`[PTLZ
OH]LSV^SPM[JVLMÄJPLU[Z ;OH[PZ [OL`HYL 56; OPNOSPM[^PUNZ
-VYH^PUNZHPS [OLZ[VY`^PSSILX\P[LKPMMLYLU[ ;OPZOHZ[VKV^P[O[OLMHJ[[OH[KYHNP[ZLSMOHZ]LY`SP[[SL
ULNH[P]LLMMLJ[ -VYPUZ[HUJL PM[OL HWWHYLU[^ PUKKPYLJ[PVU θ PZ KLNYLLZ ^OPJOTLHUZ[OH[[OL HWWHYLU[
^PUKPZJVTPUNKPYLJ[S`MYVT[OLZPKLVM[OLZOPW [OLKYHN^PSSUV[OH]LHU`ULNH[P]LLMMLJ[VU[OL[OY\Z[H[
HSS 0M θ PZSHYNLY[OHU KLNYLLZ [OLKYHNHJ[\HSS`NP]LZWVZP[P]L[OY\Z[ ;OLVUS`[PTLKYHNNP]LZULNH[P]L
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Chemical tanker, scaled CFD results
Series 60, scaled EFD Data
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Chemical tanker
Series 60
Elliptic wing, Asp = 5
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/U*QKTmiiBQMV
O :2M2`i2 K2b? /i
rBM; 4 :2QK2i`vXJ2b?.iU^rBM;^V
rBM;X7BM/ai`BTbUk jy@RV
rF2 4 :2QK2i`vXJ2b?.iU^rF2^V
rF2X7BM/ai`BTbUk jy@RV
rBM;GBbi 4 (rBM;)
rF2GBbi 4 (rF2)
O a2i mT PT2M*G
QT2M+H 4 *QKTmiiBQMX*QKTmiiBQMUrQ`FSi?V
rBM;Xb2iPT2M*GUQT2M+HX+MitiV
rF2Xb2iPT2M*GUQT2M+HX+MitiV
O 1ti2`MH p2HQ+Biv p2+iQ`
l 4 MTX``vU(RXy- y- y)V
O avbi2K iQ #2 bQHp2/
7Q` B BM `M;2UjV,
T`BMiU^Ai2`iBQM,^- BV
" 4 QT2M+HXBM7Hm2M+2Ji`BtaQm`+2.B`B+?H2iUrBM;GBbiV
 4 QT2M+HXBM7Hm2M+2Ji`Bt.Qm#H2i.B`B+?H2iUrBM;GBbiV
QT2M+HXBM7Hm2M+26`QKai`BTb.B`B+?H2iU- rBM;GBbi- rF2GBbiV
bB;K 4 QT2M+HX`B;?iaB/2aB;KUrBM;GBbi- lV
# 4 @MTX/QiU"- bB;KV
;KK 4 MTXHBMH;XbQHp2U- #V
O a2i bi`2M;i?b
rBM;Xb2i:KKU;KK- QT2M+HX+MitiV
rBM;Xb2iaB;KUbB;K- QT2M+HX+MitiV
rF2Xb2i:KKqF2UrBM;- QT2M+HX+MitiV
QT2M+HX/27Q`KqF2UrF2- rBM;GBbi- rF2GBbi- lV
rBM;XTQbiS`Q+2bbBM;.B`B+?H2iUlV
 
T`BMiU^S`2bbm`2ɚ6Q`+2,^- rBM;X6Q`+2(y)- rBM;X6Q`+2(R)- rBM;X6Q`+2(k)V
6 4 QT2M+HX7Q`+2*H+mHiBQMUrF2- rBM;- rF2GBbi- rBM;GBbi- lV
T`BMiU^qBM;ɚEmii@DQmFQrbFBɚ6Q`+2,^- 6(y)- 6(R)- 6(k)V
rF2XmT/i2.iUQT2M+HX+MitiV
rBM;X6Q`+2 4 MTXx2`QbUjV
rBM;Xp2HQ+Biv*QHQ`JTUV
rBM;XT`2bbm`2*QHQ`JTUV
T`BMiU^2M/BM;ɚbBKmHiBQM^V
T`BMiU^$M^V
 .LVTL[Y `W`
BKTQ`i #Tv
BKTQ`i MmKTv b MT
BKTQ`i Ki?miBHb
BKTQ`i *QHQ`JTb
BKTQ`i TvQT2M+H b +H
BKTQ`i Qb
+Hbb J2b?.i,
/27 nnBMBinnUb2H7- Q#D2+iLK2V,
^^^ *Hbb i?i +QMiBMb i?2 #H2M/2` /i- M/ /i 7Q`Ki2i iQ #2 b2Mi iQ +QKTmiiBQMb^^^
^^^ "H2M/2` /i ^^^
b2H7XQ#D2+i 4 #TvX/iXQ#D2+ib(Q#D2+iLK2)
O *`2i2 `QiiBQM Ki`Bt 7Q` i`Mb7Q`KBM; MQ`KHb iQ ;HQ#H +QQ`/BMi2 bvbi2K
2mH2`nt 4 b2H7XQ#D2+iX`QiiBQMn2mH2`(y)
2mH2`nv 4 b2H7XQ#D2+iX`QiiBQMn2mH2`(R)
2mH2`nx 4 b2H7XQ#D2+iX`QiiBQMn2mH2`(k)
_t 4 Ki?miBHbXJi`BtX_QiiBQMU2mH2`nt- 9- ^s^V
_v 4 Ki?miBHbXJi`BtX_QiiBQMU2mH2`nv- 9- ^u^V
_x 4 Ki?miBHbXJi`BtX_QiiBQMU2mH2`nx- 9- ^w^V
b2H7XKi`Btn`QiiBQM 4 _x  _v  _t
b2H7XKi`BtnrQ`H/ 4 b2H7XQ#D2+iXKi`BtnrQ`H/
b2H7XTQHv;QMb 4 b2H7XQ#D2+iX/iXTQHv;QMb
^^^ PT2M*G 7Q`Ki2i /i ^^^
b2H7XM`SQHv 4 H2MUb2H7XTQHv;QMbV
b2H7XM`o2`i 4 H2MUb2H7XQ#D2+iX/iXp2`iB+2bV
b2H7Xp2`iB+2b 4 MTXx2`QbUUb2H7XM`o2`i- 9V- /ivT2 4 MTX7HQijkV O :HQ#H +QQ`/BMi2b
b2H7X+i`HSQBMib 4 MTXx2`QbUUb2H7XM`SQHv- 9V- /ivT2 4 MTX7HQijkV O :HQ#H +QQ`/BMi2b
b2H7XiQTQHQ;v 4 MTXx2`QbUUb2H7XM`SQHv- 9V- /ivT2 4 MTXBMijk V O hQTQHQ;v BM QT2M+H 7Q`Ki2
O GQ+H +QQ`/BMi2 bvbi2K
b2H7XH 4 MTXx2`QbUUb2H7XM`SQHv- 9V- /ivT2 4 MTX7HQijkV
b2H7XK 4 MTXx2`QbUUb2H7XM`SQHv- 9V- /ivT2 4 MTX7HQijkV
b2H7XM 4 MTXx2`QbUUb2H7XM`SQHv- 9V- /ivT2 4 MTX7HQijkV
O :Q i?`Qm;? HH p2`iB+2b
7Q` B BM `M;2Ub2H7XM`o2`iV,
T 4 b2H7XKi`BtnrQ`H/  b2H7XQ#D2+iX/iXp2`iB+2b(B)X+Q O h`Mb7Q`K iQ ;HQ#H +QQ`/BMi2b
b2H7Xp2`iB+2b(B)(y) 4 MTX7HQijkUT(y)V
b2H7Xp2`iB+2b(B)(R) 4 MTX7HQijkUT(R)V
b2H7Xp2`iB+2b(B)(k) 4 MTX7HQijkUT(k)V
O :Q i?`Qm;? HH TQHv;QMb
7Q` B BM `M;2Ub2H7XM`SQHvV,
M 4 b2H7XKi`Btn`QiiBQM  b2H7XTQHv;QMb(B)XMQ`KH O h`Mb7Q`K iQ ;HQ#H +QQ`/BMi2b
T 4 b2H7XKi`BtnrQ`H/  b2H7XTQHv;QMb(B)X+2Mi2`
BR 4 b2H7XTQHv;QMb(B)Xp2`iB+2b(y)
Bk 4 b2H7XTQHv;QMb(B)Xp2`iB+2b(R)
Bj 4 b2H7XTQHv;QMb(B)Xp2`iB+2b(k)
B9 4 b2H7XTQHv;QMb(B)Xp2`iB+2b(j)
TR 4 b2H7Xp2`iB+2b(BR)
Tk 4 b2H7Xp2`iB+2b(Bk)
Tj 4 b2H7Xp2`iB+2b(Bj)
T9 4 b2H7Xp2`iB+2b(B9)
H 4 UTR Y Tk @ Tj @ T9V
H 4 HfMTXb[`iU H(y)  k Y H(R)  k Y H(k)  k V
K 4 MTXx2`QbUjV
  
K(y) 4 M(R) H(k) @ H(R) M(k)
K(R) 4 H(y) M(k) @ M(y) H(k)
K(k) 4 M(y) H(R) @ H(y) M(R)
K 4 KfMTXb[`iU K(y)  k Y K(R)  k Y K(k)  k V
7Q` D BM `M;2UjV,
b2H7X+i`HSQBMib(B)(D) 4 MTX7HQijkUT(D)V
b2H7XH(B)(D) 4 MTX7HQijkUH(D)V
b2H7XK(B)(D) 4 MTX7HQijkUK(D)V
b2H7XM(B)(D) 4 MTX7HQijkUM(D)V
7Q` D BM `M;2U9V,
b2H7XiQTQHQ;v(B)(D) 4 MTXBMijkUb2H7XTQHv;QMb(B)Xp2`iB+2b(D)V
^^^ AMBiBHBx2 p`B#H2b 7Q` Hi2` mb2 ^^^
b2H7Xp2HQ+Biv 4 MTXx2`QbU Ub2H7XM`SQHv- 9V V
b2H7XT`2bbm`2 4 MTXx2`QbU b2H7XM`SQHv V
b2H7X6Q`+2 4 MTXx2`QbUjV
b2H7Xp2`io2HQ+Biv 4 MTXx2`QbU Ub2H7XM`o2`i- 9V V
b2H7Xp2`iS`2bbm`2 4 MTXx2`QbU b2H7XM`o2`i V
b2H7XM`ai`BTb 4 y
b2H7XM`SQHvS`ai`BT 4 y
/27 7BM/ai`BTbUb2H7- M`ai`BTb- M`SQHvS`ai`BT 4 yV,
^^^ .BpB/2 K2b? BMiQ bi`BTb- #b2/ QM bbmKTiBQM i?i Bi Qb 7`QK Ll_"a Q#D2+i BM #H2M/2`^^^
b2H7XM`ai`BTb 4 M`ai`BTb
B7 M`SQHvS`ai`BT 44 y,
b2H7XM`SQHvS`ai`BT 4 MTXBMiUb2H7XM`SQHvfM`ai`BTbV
2Hb2,
b2H7XM`SQHvS`ai`BT 4 M`SQHvS`ai`BT
b2H7XTQHvAMai`BTb 4 MTXx2`QbU Ub2H7XM`ai`BTb- b2H7XM`SQHvS`ai`BTV- /ivT2 4 MTXBMijk V O AM/B+2b Q7
TQHv;QMb BM bi`BTb
b2H7Xbi`BT6Q`SQHv 4 MTXx2`QbUb2H7XM`SQHvV O q?B+? bi`BT 2+? TQHv;QM #2HQM;b iQ
BSQHv 4 y
7Q` B BM `M;2UM`ai`BTbV,
7Q` D BM `M;2Ub2H7XM`SQHvS`ai`BTV,
b2H7XTQHvAMai`BTb(B)(D) 4 MTXBMijkUBSQHvV
b2H7Xbi`BT6Q`SQHv(BSQHv) 4 B
BSQHv Y4 R
O *`2iBM; +QHQ`KT iQ b2T2`i2 Qmi i?2 bi`BTb
+QHQ`JTb 4 b2H7XQ#D2+iX/iXp2`i2tn+QHQ`b
+`2i2*QHQ`JT 4 h`m2
+QHQ`JTLK2 4 ^bi`BTb^
7Q` B BM `M;2UH2MU+QHQ`JTbVV,
B7 +QHQ`JTb(B)XMK2 44 +QHQ`JTLK2,
+`2i2*QHQ`JT 4 6Hb2
B7 +`2i2*QHQ`JT,
+QHQ`JTbXM2rU+QHQ`JTLK2V
B*QHQ` 4 y
7Q` BSQHv BM `M;2Ub2H7XM`SQHvV,
bi`BT 4 b2H7Xbi`BT6Q`SQHv(BSQHv)
`;# 4 *QHQ`JTbXD2iUbi`BT- M`ai`BTb@R- yV
7Q` BhQT BM `M;2U9V,
+QHQ`JTb(+QHQ`JTLK2)X/i(B*QHQ`)X+QHQ` 4 `;#
B*QHQ` Y4 R
/27 b2iPT2M*GUb2H7- +MitiV,
b2H7XiQTQHQ;v"m77 4 +HX"m772`U+Miti- +HXK2Kn7H;bX_1.nPLGu % +HXK2Kn7H;bX*PSun>PahnSh_- ?Qbi#m7
4 b2H7XiQTQHQ;vV
b2H7Xp2`iB+2b"m77 4 +HX"m772`U+Miti- +HXK2Kn7H;bX_1.nPLGu % +HXK2Kn7H;bX*PSun>PahnSh_- ?Qbi#m7
4 b2H7Xp2`iB+2bV
b2H7XH"m77 4 +HX"m772`U+Miti- +HXK2Kn7H;bX_1.nPLGu % +HXK2Kn7H;bX*PSun>PahnSh_- ?Qbi#m7
4 b2H7XHV
b2H7XK"m77 4 +HX"m772`U+Miti- +HXK2Kn7H;bX_1.nPLGu % +HXK2Kn7H;bX*PSun>PahnSh_- ?Qbi#m7
4 b2H7XKV
b2H7XM"m77 4 +HX"m772`U+Miti- +HXK2Kn7H;bX_1.nPLGu % +HXK2Kn7H;bX*PSun>PahnSh_- ?Qbi#m7
4 b2H7XMV
b2H7X+i`HSQBMib"m77 4 +HX"m772`U+Miti- +HXK2Kn7H;bX_1.nPLGu % +HXK2Kn7H;bX*PSun>PahnSh_- ?Qbi#m7

4 b2H7X+i`HSQBMibV
/27 mT/i2.iUb2H7- +MitiV,
O :Q i?`Qm;? HH p2`iB+2b
7Q` B BM `M;2Ub2H7XM`o2`iV,
T 4 b2H7XKi`BtnrQ`H/  b2H7XQ#D2+iX/iXp2`iB+2b(B)X+Q O h`Mb7Q`K iQ ;HQ#H +QQ`/BMi2b
b2H7Xp2`iB+2b(B)(y) 4 MTX7HQijkUT(y)V
b2H7Xp2`iB+2b(B)(R) 4 MTX7HQijkUT(R)V
b2H7Xp2`iB+2b(B)(k) 4 MTX7HQijkUT(k)V
O :Q i?`Qm;? HH TQHv;QMb
7Q` B BM `M;2Ub2H7XM`SQHvV,
M 4 b2H7XKi`Btn`QiiBQM  b2H7XTQHv;QMb(B)XMQ`KH O h`Mb7Q`K iQ ;HQ#H +QQ`/BMi2b
T 4 b2H7XKi`BtnrQ`H/  b2H7XTQHv;QMb(B)X+2Mi2`
BR 4 b2H7XTQHv;QMb(B)Xp2`iB+2b(y)
Bk 4 b2H7XTQHv;QMb(B)Xp2`iB+2b(R)
Bj 4 b2H7XTQHv;QMb(B)Xp2`iB+2b(k)
B9 4 b2H7XTQHv;QMb(B)Xp2`iB+2b(j)
TR 4 b2H7Xp2`iB+2b(BR)
Tk 4 b2H7Xp2`iB+2b(Bk)
Tj 4 b2H7Xp2`iB+2b(Bj)
T9 4 b2H7Xp2`iB+2b(B9)
H 4 UTR Y Tk @ Tj @ T9V
H 4 HfMTXb[`iU H(y)  k Y H(R)  k Y H(k)  k V
K 4 MTXx2`QbUjV
K(y) 4 M(R) H(k) @ H(R) M(k)
K(R) 4 H(y) M(k) @ M(y) H(k)
K(k) 4 M(y) H(R) @ H(y) M(R)
K 4 KfMTXb[`iU K(y)  k Y K(R)  k Y K(k)  k V
7Q` D BM `M;2UjV,
b2H7X+i`HSQBMib(B)(D) 4 MTX7HQijkUT(D)V
b2H7XH(B)(D) 4 MTX7HQijkUH(D)V
b2H7XK(B)(D) 4 MTX7HQijkUK(D)V
b2H7XM(B)(D) 4 MTX7HQijkUM(D)V
O lT/i2 #m772`b
b2H7Xp2`iB+2b"m77 4 +HX"m772`U+Miti- +HXK2Kn7H;bX_1.nPLGu % +HXK2Kn7H;bX*PSun>PahnSh_- ?Qbi#m7
4 b2H7Xp2`iB+2bV
b2H7XH"m77 4 +HX"m772`U+Miti- +HXK2Kn7H;bX_1.nPLGu % +HXK2Kn7H;bX*PSun>PahnSh_- ?Qbi#m7
4 b2H7XHV
b2H7XK"m77 4 +HX"m772`U+Miti- +HXK2Kn7H;bX_1.nPLGu % +HXK2Kn7H;bX*PSun>PahnSh_- ?Qbi#m7
4 b2H7XKV
b2H7XM"m77 4 +HX"m772`U+Miti- +HXK2Kn7H;bX_1.nPLGu % +HXK2Kn7H;bX*PSun>PahnSh_- ?Qbi#m7
4 b2H7XMV
b2H7X+i`HSQBMib"m77 4 +HX"m772`U+Miti- +HXK2Kn7H;bX_1.nPLGu % +HXK2Kn7H;bX*PSun>PahnSh_- ?Qbi#m7
4 b2H7X+i`HSQBMibV
/27 b2i:KKUb2H7- ;KK- +MitiV,
b2H7X;KK 4 MTX7HQijkU;KKV
b2H7X;KK"m77 4 +HX"m772`U+Miti- +HXK2Kn7H;bX_1.nPLGu % +HXK2Kn7H;bX*PSun>PahnSh_- ?Qbi#m7 4
b2H7X;KKV
/27 b2iaB;KUb2H7- bB;K- +MitiV,
b2H7XbB;K 4 MTX7HQijkUbB;KV
b2H7XbB;K"m77 4 +HX"m772`U+Miti- +HXK2Kn7H;bX_1.nPLGu % +HXK2Kn7H;bX*PSun>PahnSh_- ?Qbi#m7 4
b2H7XbB;KV
/27 b2i:KKqF2Ub2H7- rBM;.i- +MitiV,
b2H7X;KK 4 MTXx2`QbUb2H7XM`SQHv- /ivT2 4 MTX7HQijkV
7Q` B BM `M;2Ub2H7XM`ai`BTbV,
i`BHBM;AM/2tR 4 rBM;.iXTQHvAMai`BTb(B)(y)
i`BHBM;AM/2tk 4 rBM;.iXTQHvAMai`BTb(B)(@R)
; 4 rBM;.iX;KK(i`BHBM;AM/2tR) @ rBM;.iX;KK(i`BHBM;AM/2tk)
7Q` D BM `M;2Ub2H7XM`SQHvS`ai`BTV,
BM/2t 4 b2H7XTQHvAMai`BTb(B)(D)
b2H7X;KK(BM/2t) 4 ;
b2H7X;KK"m77 4 +HX"m772`U+Miti- +HXK2Kn7H;bX_1.nPLGu % +HXK2Kn7H;bX*PSun>PahnSh_- ?Qbi#m7 4
b2H7X;KKV
/27 TQbiS`Q+2bbBM;.B`B+?H2iUb2H7- lV,
lBM7 4 l(y)  k Y l(R)  k Y l(k)  k
O :Q i?`Qm;? HH TQHv;QMb QM+2

7Q` B BM `M;2Ub2H7XM`ai`BTbV,
7Q` D BM `M;2Ub2H7XM`SQHvS`ai`BTV,
O *m``2Mi TQHv;QM
By 4 b2H7XTQHvAMai`BTb(B)(D)
Ty 4 b2H7X+i`HSQBMib(By)
B7 UB44yV,
BL 4 b2H7XTQHvAMai`BTb(BYR)(D)
TL 4 b2H7X+i`HSQBMib(BL)
;KKnLk 4 b2H7X;KK(BL)
;KKnLR 4 b2H7X;KK(By)
GnK 4 MTXb[`iU UTL(y) @ Ty(y)V  k Y UTL(R) @ Ty(R)V  k Y UTL(k) @ Ty(k)V  k V
2HB7 UB 44 b2H7XM`ai`BTb @ RV,
Ba 4 b2H7XTQHvAMai`BTb(B@R)(D)
Ta 4 b2H7X+i`HSQBMib(Ba)
;KKnLk 4 b2H7X;KK(By)
;KKnLR 4 b2H7X;KK(Ba)
GnK 4 MTXb[`iU UTy(y) @ Ta(y)V  k Y UTy(R) @ Ta(R)V  k Y UTy(k) @ Ta(k)V  k V
2Hb2,
BL 4 b2H7XTQHvAMai`BTb(BYR)(D)
Ba 4 b2H7XTQHvAMai`BTb(B@R)(D)
TL 4 b2H7X+i`HSQBMib(BL)
Ta 4 b2H7X+i`HSQBMib(Ba)
;KKnLk 4 b2H7X;KK(BL)
;KKnLR 4 b2H7X;KK(Ba)
GnK 4 MTXb[`iU UTL(y) @ Ty(y)V  k Y UTL(R) @ Ty(R)V  k Y UTL(k) @ Ty(k)V  k V Y MTXb[`iU
UTy(y) @ Ta(y)V  k Y UTy(R) @ Ta(R)V  k Y UTy(k) @ Ta(k)V  k V
B7 UD44yV,
B1 4 b2H7XTQHvAMai`BTb(B)(DYR)
T1 4 b2H7X+i`HSQBMib(B1)
;KKn1k 4 b2H7X;KK(B1)
;KKny 4 b2H7X;KK(By)
a 4 MTXb[`iU UT1(y) @ Ty(y)V  k Y UT1(R) @ Ty(R)V  k Y UT1(k) @ Ty(k)V  k V
a" 4 y
. 4 U;KKn1k @ ;KKnyVfa
." 4 y
GnH 4 MTXb[`iU UT1(y) @ Ty(y)V  k Y UT1(R) @ Ty(R)V  k Y UT1(k) @ Ty(k)V  k V
2HB7 UD44b2H7XM`SQHvS`ai`BT @RV,
Bq 4 b2H7XTQHvAMai`BTb(B)(D@R)
Tq 4 b2H7X+i`HSQBMib(Bq)
;KKny 4 b2H7X;KK(By)
;KKn1R 4 b2H7X;KK(Bq)
a 4 y
a" 4 MTXb[`iU UTq(y) @ Ty(y)V  k Y UTq(R) @ Ty(R)V  k Y UTq(k) @ Ty(k)V  k V
. 4 y
." 4 U;KKn1R @ ;KKnyVfa"
2Hb2,
B1 4 b2H7XTQHvAMai`BTb(B)(DYR)
Bq 4 b2H7XTQHvAMai`BTb(B)(D@R)
T1 4 b2H7X+i`HSQBMib(B1)
Tq 4 b2H7X+i`HSQBMib(Bq)
;KKn1k 4 b2H7X;KK(B1)
;KKn1R 4 b2H7X;KK(Bq)
;KKny 4 b2H7X;KK(By)
a 4 MTXb[`iU UT1(y) @ Ty(y)V  k Y UT1(R) @ Ty(R)V  k Y UT1(k) @ Ty(k)V  k V
a" 4 MTXb[`iU UTq(y) @ Ty(y)V  k Y UTq(R) @ Ty(R)V  k Y UTq(k) @ Ty(k)V  k V
. 4 U;KKn1k @ ;KKnyVfa
." 4 U;KKn1R @ ;KKnyVfa"
mnH 4 @9 MTXTB U . a @ ." a" VfUa Y a"V
mnK 4 @9 MTXTB U ;KKnLk @ ;KKnLR VfGnK
mnM 4 9 MTXTB b2H7XbB;K(By)

O h`Mb7Q`KiBQM iQ ;HQ#H +QQ`/BMi2 bvbi2K
m 4 mnH b2H7XH(By) Y mnK b2H7XK(By) Y mnM b2H7XM(By)
b2H7Xp2HQ+Biv(By)(y) 4 l(y) Y m(y)
b2H7Xp2HQ+Biv(By)(R) 4 l(R) Y m(R)
b2H7Xp2HQ+Biv(By)(k) 4 l(k) Y m(k)
b2H7Xp2HQ+Biv(By)(j) 4 MTXb[`iU b2H7Xp2HQ+Biv(By)(y)  k Y b2H7Xp2HQ+Biv(By)(R)  k Y b2H7X
p2HQ+Biv(By)(k)  k V
b2H7XT`2bbm`2(By) 4 R @ Ub2H7Xp2HQ+Biv(By)(j)  kVflBM7
7Q`+2 4 @b2H7XT`2bbm`2(By) b2H7XM(By) b2H7XQ#D2+iX/iXTQHv;QMb(By)X`2
b2H7X6Q`+2(y) Y4 7Q`+2(y)
b2H7X6Q`+2(R) Y4 7Q`+2(R)
b2H7X6Q`+2(k) Y4 7Q`+2(k)
/27 p2HQ+BivJ;MBim/2Ub2H7V,
7Q` B BM `M;2Ub2H7XM`SQHvV,
b2H7Xp2HQ+Biv(B)(j) 4 MTXb[`iU b2H7Xp2HQ+Biv(B)(y)  k Y b2H7Xp2HQ+Biv(B)(R)  k Y b2H7Xp2HQ+Biv(B
)(k)  k V
/27 p2`io2HQ+BivJ;MBim/2Ub2H7V,
7Q` B BM `M;2Ub2H7XM`o2`iV,
b2H7Xp2`io2HQ+Biv(B)(j) 4 MTXb[`iU b2H7Xp2`io2HQ+Biv(B)(y)  k Y b2H7Xp2`io2HQ+Biv(B)(R)  k Y
b2H7Xp2`io2HQ+Biv(B)(k)  k V
/27 p2HQ+Biv*QHQ`JTUb2H7V,
+QHQ`JTb 4 b2H7XQ#D2+iX/iXp2`i2tn+QHQ`b
+`2i2*QHQ`JT 4 h`m2
+QHQ`JTLK2 4 ^p2HQ+Biv^
7Q` B BM `M;2UH2MU+QHQ`JTbVV,
B7 +QHQ`JTb(B)XMK2 44 +QHQ`JTLK2,
+`2i2*QHQ`JT 4 6Hb2
B7 +`2i2*QHQ`JT,
+QHQ`JTbXM2rU+QHQ`JTLK2V
mJt 4 b2H7Xp2HQ+Biv(y)(j)
mJBM 4 b2H7Xp2HQ+Biv(y)(j)
7Q` B BM `M;2Ub2H7XM`SQHvV,
B7 mJt I b2H7Xp2HQ+Biv(B)(j),
mJt 4 b2H7Xp2HQ+Biv(B)(j)
B7 mJBM = b2H7Xp2HQ+Biv(B)(j),
mJBM 4 b2H7Xp2HQ+Biv(B)(j)
T`BMiU^JBMɚp2H+QBivɚK;MBim/2,^- mJBMV
T`BMiU^Jtɚp2H+QBivɚK;MBim/2,^- mJtV
B*QHQ` 4 y
7Q` BSQHv BM `M;2Ub2H7XM`SQHvV,
m 4 b2H7Xp2HQ+Biv(BSQHv)(j)
`;# 4 *QHQ`JTbXD2iUm- mJt- mJBMV
7Q` BhQT BM `M;2U9V,
+QHQ`JTb(+QHQ`JTLK2)X/i(B*QHQ`)X+QHQ` 4 `;#
B*QHQ` Y4 R
/27 p2`io2HQ+Biv*QHQ`JTUb2H7V,
+QHQ`JTb 4 b2H7XQ#D2+iX/iXp2`i2tn+QHQ`b
+`2i2*QHQ`JT 4 h`m2
+QHQ`JTLK2 4 ^p2`io2HQ+Biv^
7Q` B BM `M;2UH2MU+QHQ`JTbVV,
B7 +QHQ`JTb(B)XMK2 44 +QHQ`JTLK2,
+`2i2*QHQ`JT 4 6Hb2
B7 +`2i2*QHQ`JT,
+QHQ`JTbXM2rU+QHQ`JTLK2V
mJt 4 b2H7Xp2`io2HQ+Biv(y)(j)
mJBM 4 b2H7Xp2`io2HQ+Biv(y)(j)
7Q` B BM `M;2Ub2H7XM`o2`iV,
B7 mJt I b2H7Xp2`io2HQ+Biv(B)(j),
mJt 4 b2H7Xp2`io2HQ+Biv(B)(j)
B7 mJBM = b2H7Xp2`io2HQ+Biv(B)(j),
mJBM 4 b2H7Xp2`io2HQ+Biv(B)(j)

T`BMiU^JBMɚp2`io2H+QBivɚK;MBim/2,^- mJBMV
T`BMiU^Jtɚp2`io2H+QBivɚK;MBim/2,^- mJtV
B*QHQ` 4 y
7Q` BSQHv BM `M;2Ub2H7XM`SQHvV,
7Q` BhQT BM `M;2U9V,
Bo2`i 4 b2H7XTQHv;QMb(BSQHv)Xp2`iB+2b(BhQT)
m 4 b2H7Xp2`io2HQ+Biv(Bo2`i)(j)
`;# 4 *QHQ`JTbXD2iUm- mJt- mJBMV
+QHQ`JTb(+QHQ`JTLK2)X/i(B*QHQ`)X+QHQ` 4 `;#
B*QHQ` Y4 R
/27 T`2bbm`2*QHQ`JTUb2H7V,
+QHQ`JTb 4 b2H7XQ#D2+iX/iXp2`i2tn+QHQ`b
+`2i2*QHQ`JT 4 h`m2
+QHQ`JTLK2 4 ^T`2bbm`2^
7Q` B BM `M;2UH2MU+QHQ`JTbVV,
B7 +QHQ`JTb(B)XMK2 44 +QHQ`JTLK2,
+`2i2*QHQ`JT 4 6Hb2
B7 +`2i2*QHQ`JT,
+QHQ`JTbXM2rU+QHQ`JTLK2V
TJt 4 b2H7XT`2bbm`2(y)
TJBM 4 b2H7XT`2bbm`2(y)
7Q` B BM `M;2Ub2H7XM`SQHvV,
B7 TJt I b2H7XT`2bbm`2(B),
TJt 4 b2H7XT`2bbm`2(B)
B7 TJBM = b2H7XT`2bbm`2(B),
TJBM 4 b2H7XT`2bbm`2(B)
T`BMiU^JBMɚT`2bbm`2ɚ+Q277B+B2Mi,^- TJBMV
T`BMiU^JtɚT`2bbm`2ɚ+Q277B+B2Mi,^- TJtV
B*QHQ` 4 y
7Q` BSQHv BM `M;2Ub2H7XM`SQHvV,
T 4 b2H7XT`2bbm`2(BSQHv)
`;# 4 *QHQ`JTbXD2iUT- TJt- TJBMV
7Q` BhQT BM `M;2U9V,
+QHQ`JTb(+QHQ`JTLK2)X/i(B*QHQ`)X+QHQ` 4 `;#
B*QHQ` Y4 R
 *VTW\[H[PVUW`
^^^ *Hbb +QMiBMBM; PT2M*G p`B#H2b- bm+? b +QMi2ti M/ [m2- HQM; rBi? K2i?Q/b i?i T2`7Q`K QT2`iBQMb
i?i `2 /2T2M/2Mi QM
PT2M*GX AMTmi iQ i?2 K2i?Q/b `2 ;2QK2i`v /i^^^
BKTQ`i MmKTv b MT
BKTQ`i TvQT2M+H b +H
BKTQ`i Qb
+Hbb *QKTmiiBQM,
/27 nnBMBinnUb2H7- rQ`FSi?V,
THi7Q`Kb 4 +HX;2inTHi7Q`KbUV
Kvn*Sln/2pB+2b 4 THi7Q`Kb(y)X;2in/2pB+2bU/2pB+2nivT2 4 +HX/2pB+2nivT2X*SlV
Kvn:Sln/2pB+2b 4 THi7Q`Kb(y)X;2in/2pB+2bU/2pB+2nivT2 4 +HX/2pB+2nivT2X:SlV
QbX2MpB`QM(^SuPS1L*Gn*PJSAG1_nPlhSlh^) 4 ^R^
b2H7X+Miti 4 +HX*QMi2tiU/2pB+2b4Kvn*Sln/2pB+2bV
b2H7X[m2m2 4 +HX*QKKM/Zm2m2Ub2H7X+MitiV
O GQ/ F2`M2H 7BH2
F2`M2H6BH2 4 QT2MUrQ`FSi?Y^F2`M2HbX+H^- ^`^V
F2`M2Hai` 4 ]]XDQBMUF2`M2H6BH2X`2/HBM2bUVV
F2`M2H6BH2X+HQb2UV
O #mBH/ F2`M2H T`Q;`Kb
b2H7XF2`M2Hb 4 +HXS`Q;`KUb2H7X+Miti- F2`M2Hai`VX#mBH/UV
/27 BM7Hm2M+2Ji`BtaQm`+2L2rKMMUb2H7- K2b?.iV,

 4 MTXx2`QbU UK2b?.iXM`SQHv- K2b?.iXM`SQHvV V
 4 MTXx2`QbUK2b?.iXM`SQHv- /ivT2 4 MTX7HQijkV
"m77 4 +HX"m772`Ub2H7X+Miti- +HXK2Kn7H;bXq_Ah1nPLGu- XM#vi2bV
7Q` B BM `M;2UK2b?.iXM`SQHvV,
T 4 K2b?.iX+i`HSQBMib(B)
M 4 K2b?.iXM(B)
HmM+? 4 b2H7XF2`M2HbXbQm`+2AM7Hm2M+2L2rKMMUb2H7X[m2m2-
UK2b?.iXM`SQHv-V-
UR-V-
T-
M-
K2b?.iXp2`iB+2b"m77-
K2b?.iX+i`HSQBMib"m77-
K2b?.iXH"m77-
K2b?.iXK"m77-
K2b?.iXM"m77-
K2b?.iXiQTQHQ;v"m77-
"m77V
HmM+?XrBiUV
+HX2M[m2m2n`2/n#m772`Ub2H7X[m2m2- "m77- VXrBiUV
(B) 4 
`2im`M 
/27 BM7Hm2M+2Ji`BtaQm`+2.B`B+?H2iUb2H7- K2b?.iGBbiV,
M`P#D2+ib 4 H2MUK2b?.iGBbiV
O :2i Qp2`pB2r Q7 bvbi2K bBx2
bvbi2KaBx2 4 y
7Q` B BM `M;2UM`P#D2+ibV,
bvbi2KaBx2 Y4 K2b?.iGBbi(B)XM`SQHv
O AMBiBHBx2 BM7Hm2M+2 Ki`Bt
 4 MTXx2`QbU Ubvbi2KaBx2- bvbi2KaBx2V V
B_Qr 4 y O _Qr +QmMi2`
7Q` Q#D2+iL`_Qr BM `M;2UM`P#D2+ibV,
K2b?.i_Qr 4 K2b?.iGBbi(Q#D2+iL`_Qr) O h?2 Q#D2+i r?2`2 i?2 +QMi`QH TQBMi Bb 2pHmi2/
7Q` B BM `M;2UK2b?.i_QrXM`SQHvV,
T 4 K2b?.i_QrX+i`HSQBMib(B)
_Qr 4 MTX``vU()V
7Q` Q#D2+iL`*QH BM `M;2UM`P#D2+ibV,
K2b?.i*QH 4 K2b?.iGBbi(Q#D2+iL`*QH)
 4 MTXx2`QbUK2b?.i*QHXM`SQHv- /ivT2 4 MTX7HQijkV
"m77 4 +HX"m772`Ub2H7X+Miti- +HXK2Kn7H;bXq_Ah1nPLGu- XM#vi2bV
HmM+? 4 b2H7XF2`M2HbXbQm`+2AM7Hm2M+2.B`B+?H2iUb2H7X[m2m2-
UK2b?.i*QHXM`SQHv-V-
UR-V-
T-
K2b?.i*QHXp2`iB+2b"m77-
K2b?.i*QHX+i`HSQBMib"m77-
K2b?.i*QHXH"m77-
K2b?.i*QHXK"m77-
K2b?.i*QHXM"m77-
K2b?.i*QHXiQTQHQ;v"m77-
"m77V
HmM+?XrBiUV
+HX2M[m2m2n`2/n#m772`Ub2H7X[m2m2- "m77- VXrBiUV
_Qr 4 MTXTT2M/U_Qr- V O // `2bmHi iQ 2M/ Q7 HBbi
(B_Qr) 4 _Qr
B_Qr Y4 R
`2im`M 
/27 BM7Hm2M+2Ji`Bt.Qm#H2iL2rKMMUb2H7- K2b?.iV,
 4 MTXx2`QbU UK2b?.iXM`SQHv- K2b?.iXM`SQHvV V
 4 MTXx2`QbUK2b?.iXM`SQHv- /ivT2 4 MTX7HQijkV
"m77 4 +HX"m772`Ub2H7X+Miti- +HXK2Kn7H;bXq_Ah1nPLGu- XM#vi2bV
7Q` B BM `M;2UK2b?.iXM`SQHvV,
T 4 K2b?.iX+i`HSQBMib(B)
M 4 K2b?.iXM(B)

HmM+? 4 b2H7XF2`M2HbX/Qm#H2iAM7Hm2M+2L2rKMMUb2H7X[m2m2-
UK2b?.iXM`SQHv-V-
UR-V-
T-
M-
K2b?.iXp2`iB+2b"m77-
K2b?.iX+i`HSQBMib"m77-
K2b?.iXH"m77-
K2b?.iXK"m77-
K2b?.iXM"m77-
K2b?.iXiQTQHQ;v"m77-
"m77V
HmM+?XrBiUV
+HX2M[m2m2n`2/n#m772`Ub2H7X[m2m2- "m77- VXrBiUV
(B) 4 
`2im`M 
/27 BM7Hm2M+2Ji`Bt.Qm#H2i.B`B+?H2iUb2H7- K2b?.iGBbiV,
M`P#D2+ib 4 H2MUK2b?.iGBbiV
O :2i Qp2`pB2r Q7 bvbi2K bBx2
bvbi2KaBx2 4 y
7Q` B BM `M;2UM`P#D2+ibV,
bvbi2KaBx2 Y4 K2b?.iGBbi(B)XM`SQHv
O AMBiBHBx2 BM7Hm2M+2 Ki`Bt
 4 MTXx2`QbU Ubvbi2KaBx2- bvbi2KaBx2V V
B_Qr 4 y O _Qr +QmMi2`
7Q` Q#D2+iL`_Qr BM `M;2UM`P#D2+ibV,
K2b?.i_Qr 4 K2b?.iGBbi(Q#D2+iL`_Qr) O h?2 Q#D2+i r?2`2 i?2 +QMi`QH TQBMi Bb 2pHmi2/
7Q` B BM `M;2UK2b?.i_QrXM`SQHvV,
T 4 K2b?.i_QrX+i`HSQBMib(B)
_Qr 4 MTX``vU()V
7Q` Q#D2+iL`*QH BM `M;2UM`P#D2+ibV,
K2b?.i*QH 4 K2b?.iGBbi(Q#D2+iL`*QH)
 4 MTXx2`QbUK2b?.i*QHXM`SQHv- /ivT2 4 MTX7HQijkV
"m77 4 +HX"m772`Ub2H7X+Miti- +HXK2Kn7H;bXq_Ah1nPLGu- XM#vi2bV
HmM+? 4 b2H7XF2`M2HbX/Qm#H2iAM7Hm2M+2.B`B+?H2iUb2H7X[m2m2-
UK2b?.i*QHXM`SQHv-V-
UR-V-
T-
K2b?.i*QHXp2`iB+2b"m77-
K2b?.i*QHX+i`HSQBMib"m77-
K2b?.i*QHXH"m77-
K2b?.i*QHXK"m77-
K2b?.i*QHXM"m77-
K2b?.i*QHXiQTQHQ;v"m77-
"m77V
HmM+?XrBiUV
+HX2M[m2m2n`2/n#m772`Ub2H7X[m2m2- "m77- VXrBiUV
_Qr 4 MTXTT2M/U_Qr- V O // `2bmHi iQ 2M/ Q7 HBbi
(B_Qr) 4 _Qr
B_Qr Y4 R
`2im`M 
/27 BM7Hm2M+26`QKai`BTb.B`B+?H2iUb2H7- - rBM;.iGBbi- rF2.iGBbiV,
M`P#D2+ib 4 H2MUrBM;.iGBbiV
B_Qr 4 y
7Q` Q#D2+iL`_Qr BM `M;2UM`P#D2+ibV,
rBM;.i_Qr 4 rBM;.iGBbi(Q#D2+iL`_Qr)
rF2.i_Qr 4 rF2.iGBbi(Q#D2+iL`_Qr)
7Q` B BM `M;2UrBM;.i_QrXM`SQHvV,
T 4 rBM;.i_QrX+i`HSQBMib(B)
BM/2t/Dmbi 4 y
7Q` Q#D2+iL`ai`BT BM `M;2UM`P#D2+ibV,
rBM;.iai`BT 4 rBM;.iGBbi(Q#D2+iL`ai`BT)

rF2.iai`BT 4 rF2.iGBbi(Q#D2+iL`ai`BT)
 4 MTXx2`QbU rF2.iai`BTXM`SQHvS`ai`BT- /ivT2 4 MTX7HQijk V
"m77 4 +HX"m772`Ub2H7X+Miti- +HXK2Kn7H;bXq_Ah1nPLGu- XM#vi2bV
7Q` D BM `M;2UrF2.iai`BTXM`ai`BTbV,
TQHvAMai`BT"m77 4 +HX"m772`Ub2H7X+Miti- +HXK2Kn7H;bX_1.nPLGu % +HXK2Kn7H;bX
*PSun>PahnSh_- ?Qbi#m7 4 rF2.iai`BTXTQHvAMai`BTb(D)V
HmM+? 4 b2H7XF2`M2HbXbi`BTAM7Hm2M+2.B`B+?H2iUb2H7X[m2m2-
UrF2.iai`BTXM`SQHvS`ai`BT -V-
UR-V-
T-
rF2.iai`BTXp2`iB+2b"m77-
rF2.iai`BTX+i`HSQBMib"m77-
rF2.iai`BTXH"m77-
rF2.iai`BTXK"m77-
rF2.iai`BTXM"m77-
rF2.iai`BTXiQTQHQ;v"m77-
TQHvAMai`BT"m77-
"m77V
HmM+?XrBiUV
+HX2M[m2m2n`2/n#m772`Ub2H7X[m2m2- "m77- VXrBiUV
i`BHBM;AM/2tR 4 BM/2t/Dmbi Y rBM;.iai`BTXTQHvAMai`BTb(D)(y)
i`BHBM;AM/2tk 4 BM/2t/Dmbi Y rBM;.iai`BTXTQHvAMai`BTb(D)(@R)
bmK 4 XbmKUV
(B_Qr)(i`BHBM;AM/2tR) Y4 bmK
(B_Qr)(i`BHBM;AM/2tk) @4 bmK
BM/2t/Dmbi Y4 rBM;.iai`BTXM`SQHv
B_Qr Y4 R
/27 p2HQ+BiviSQBMiUb2H7- T- rBM;.iGBbi- rF2.iGBbi- lV,
M`P#D2+ib 4 H2MUrBM;.iGBbiV
m 4 MTXx2`QbUjV O _2im`M pHm2
7Q` B BM `M;2UM`P#D2+ibV,
rBM;.i 4 rBM;.iGBbi(B)
rF2.i 4 rF2.iGBbi(B)
qBM; 4 MTXx2`QbU UrBM;.iXM`SQHv- 9V- /ivT2 4 MTX7HQijk V O aiQ`2 pHm2b 7`QK rBM;
qBM;"m77 4 +HX"m772`Ub2H7X+Miti- +HXK2Kn7H;bXq_Ah1nPLGu- qBM;XM#vi2bV
qF2 4 MTXx2`QbU UrF2.iXM`SQHv- 9V- /ivT2 4 MTX7HQijk V O aiQ`2 pHm2b 7`QK rF2
qF2"m77 4 +HX"m772`Ub2H7X+Miti- +HXK2Kn7H;bXq_Ah1nPLGu- qF2XM#vi2bV
O 6BM/ +QMi`B#miBQM 7`QK rBM; bQm`+2b
HmM+? 4 b2H7XF2`M2HbXp2HQ+BivaQm`+2Ub2H7X[m2m2-
(rBM;.iXM`SQHv-)-
LQM2-
T-
rBM;.iXp2`iB+2b"m77-
rBM;.iX+i`HSQBMib"m77-
rBM;.iXH"m77-
rBM;.iXK"m77-
rBM;.iXM"m77-
rBM;.iXiQTQHQ;v"m77-
rBM;.iXbB;K"m77-
qBM;"m77V
HmM+?XrBiUV
+HX2M[m2m2n`2/n#m772`Ub2H7X[m2m2- qBM;"m77- qBM;VXrBiUV
bmK 4 qBM;XbmKUtBb4yV
m(y) Y4 bmK(y)
m(R) Y4 bmK(R)
m(k) Y4 bmK(k)
O 6BM/ +QMi`B#miBQM 7`QK rBM; /Qm#H2ib
HmM+? 4 b2H7XF2`M2HbXp2HQ+Biv.Qm#H2iUb2H7X[m2m2-
(rBM;.iXM`SQHv-)-
LQM2-
T-
rBM;.iXp2`iB+2b"m77-
rBM;.iX+i`HSQBMib"m77-
rBM;.iXH"m77-
rBM;.iXK"m77-
rBM;.iXM"m77-
rBM;.iXiQTQHQ;v"m77-

rBM;.iX;KK"m77-
qBM;"m77V
HmM+?XrBiUV
+HX2M[m2m2n`2/n#m772`Ub2H7X[m2m2- qBM;"m77- qBM;VXrBiUV
bmK 4 qBM;XbmKUtBb4yV
m(y) Y4 bmK(y)
m(R) Y4 bmK(R)
m(k) Y4 bmK(k)
O 6BM/ +QMi`B#miBQM 7`QK rF2
HmM+? 4 b2H7XF2`M2HbXp2HQ+Biv.Qm#H2iUb2H7X[m2m2-
(rF2.iXM`SQHv-)-
LQM2-
T-
rF2.iXp2`iB+2b"m77-
rF2.iX+i`HSQBMib"m77-
rF2.iXH"m77-
rF2.iXK"m77-
rF2.iXM"m77-
rF2.iXiQTQHQ;v"m77-
rF2.iX;KK"m77-
qF2"m77V
HmM+?XrBiUV
+HX2M[m2m2n`2/n#m772`Ub2H7X[m2m2- qF2"m77- qF2VXrBiUV
bmK 4 qF2XbmKUtBb4yV
m(y) Y4 bmK(y)
m(R) Y4 bmK(R)
m(k) Y4 bmK(k)
O 6`22 bi`2K p2HQ+Biv
m(y) Y4 l(y)
m(R) Y4 l(R)
m(k) Y4 l(k)
`2im`M m
/27 BM/m+2/o2HQ+BiviSQBMiUb2H7- T- rF2.iGBbi- rBM;.iGBbi- rBM;V,
M`P#D2+ib 4 H2MUrF2.iGBbiV
m 4 MTXx2`QbUjV O _2im`M pHm2
7Q` B BM `M;2UM`P#D2+ibV,
rF2.i 4 rF2.iGBbi(B)
qF2 4 MTXx2`QbU UrF2.iXM`SQHv- 9V- /ivT2 4 MTX7HQijk V O aiQ`2 pHm2b 7`QK rF2
qF2"m77 4 +HX"m772`Ub2H7X+Miti- +HXK2Kn7H;bXq_Ah1nPLGu- qF2XM#vi2bV
rBM;.i 4 rBM;.iGBbi(B)
B7 rBM;.i 54 rBM;,
qBM; 4 MTXx2`QbU UrBM;.iXM`SQHv- 9V- /ivT2 4 MTX7HQijk V O aiQ`2 pHm2b 7`QK rBM;
qBM;"m77 4 +HX"m772`Ub2H7X+Miti- +HXK2Kn7H;bXq_Ah1nPLGu- qBM;XM#vi2bV
O 6BM/ +QMi`B#miBQM 7`QK rBM; bQm`+2b
HmM+? 4 b2H7XF2`M2HbXp2HQ+BivaQm`+2Ub2H7X[m2m2-
(rBM;.iXM`SQHv-)-
LQM2-
T-
rBM;.iXp2`iB+2b"m77-
rBM;.iX+i`HSQBMib"m77-
rBM;.iXH"m77-
rBM;.iXK"m77-
rBM;.iXM"m77-
rBM;.iXiQTQHQ;v"m77-
rBM;.iXbB;K"m77-
qBM;"m77V
HmM+?XrBiUV
+HX2M[m2m2n`2/n#m772`Ub2H7X[m2m2- qBM;"m77- qBM;VXrBiUV
bmK 4 qBM;XbmKUtBb4yV
m(y) Y4 bmK(y)
m(R) Y4 bmK(R)
m(k) Y4 bmK(k)
O 6BM/ +QMi`B#miBQM 7`QK rBM; /Qm#H2ib
HmM+? 4 b2H7XF2`M2HbXp2HQ+Biv.Qm#H2iUb2H7X[m2m2-
(rBM;.iXM`SQHv-)-

LQM2-
T-
rBM;.iXp2`iB+2b"m77-
rBM;.iX+i`HSQBMib"m77-
rBM;.iXH"m77-
rBM;.iXK"m77-
rBM;.iXM"m77-
rBM;.iXiQTQHQ;v"m77-
rBM;.iX;KK"m77-
qBM;"m77V
HmM+?XrBiUV
+HX2M[m2m2n`2/n#m772`Ub2H7X[m2m2- qBM;"m77- qBM;VXrBiUV
bmK 4 qBM;XbmKUtBb4yV
m(y) Y4 bmK(y)
m(R) Y4 bmK(R)
m(k) Y4 bmK(k)
O 6BM/ +QMi`B#miBQM 7`QK rF2
HmM+? 4 b2H7XF2`M2HbXp2HQ+Biv.Qm#H2iUb2H7X[m2m2-
(rF2.iXM`SQHv-)-
LQM2-
T-
rF2.iXp2`iB+2b"m77-
rF2.iX+i`HSQBMib"m77-
rF2.iXH"m77-
rF2.iXK"m77-
rF2.iXM"m77-
rF2.iXiQTQHQ;v"m77-
rF2.iX;KK"m77-
qF2"m77V
HmM+?XrBiUV
+HX2M[m2m2n`2/n#m772`Ub2H7X[m2m2- qF2"m77- qF2VXrBiUV
bmK 4 qF2XbmKUtBb4yV
m(y) Y4 bmK(y)
m(R) Y4 bmK(R)
m(k) Y4 bmK(k)
`2im`M m
/27 `B;?iaB/2aB;KUb2H7- K2b?.iGBbi- lV,
M`P#D2+ib 4 H2MUK2b?.iGBbiV
bvbi2KaBx2 4 y
7Q` Q#D2+iL` BM `M;2UM`P#D2+ibV,
bvbi2KaBx2 Y4 K2b?.iGBbi(Q#D2+iL`)XM`SQHv
bB;K 4 MTXx2`QbUbvbi2KaBx2V
B_Qr 4 y
7Q` Q#D2+iL` BM `M;2UM`P#D2+ibV,
K2b?.i 4 K2b?.iGBbi(Q#D2+iL`)
7Q` B BM `M;2UK2b?.iXM`SQHvV,
M 4 K2b?.iXM(B)
bB;K(B_Qr) 4 @UM(y) l(y) Y M(R) l(R) Y M(k) l(k)VfU9 MTXTBV
B_Qr Y4 R
`2im`M bB;K
/27 /27Q`KqF2Ub2H7- rF2- rBM;.iGBbi- rF2.iGBbi- lV,
lBM7 4 MTXb[`iU l(y)  k Y l(R)  k Y l(k)  k V
7Q` B BM `M;2UrF2XM`SQHvS`ai`BTV,
7Q` D BM `M;2UrF2XM`ai`BTbYRV,
p2`iAM/2tR 4 UrF2XM`SQHvS`ai`BTYRV UR Y DV @ B @ R
p2`iAM/2tk 4 UrF2XM`SQHvS`ai`BTYRV UR Y DV @ B @ k
TR 4 rF2Xp2`iB+2b(p2`iAM/2tR)
Tk 4 rF2Xp2`iB+2b(p2`iAM/2tk)
TRR 4 yXd8 TR Y yXk8 Tk
Tkk 4 yXk8 TR Y yXd8 Tk
/Bbi 4 Tk @ TR
/t 4 MTXb[`iU /Bbi(y)  k Y /Bbi(R)  k Y /Bbi(k)  k V
 
/i 4 /tflBM7
mR 4 b2H7Xp2HQ+BiviSQBMiUTRR- rBM;.iGBbi- rF2.iGBbi- lV
mk 4 b2H7Xp2HQ+BiviSQBMiUTkk- rBM;.iGBbi- rF2.iGBbi- lV
m 4 yX8 UmR Y mkV
/T 4 MTXx2`QbUjV
/T(y) 4 m(y) /i
/T(R) 4 m(R) /i
/T(k) 4 m(k) /i
rF2XQ#D2+iX/iXp2`iB+2b(p2`iAM/2tk)X+Q(y) 4 rF2XQ#D2+iX/iXp2`iB+2b(p2`iAM/2tR)X+Q(y) Y
/T(y)
rF2XQ#D2+iX/iXp2`iB+2b(p2`iAM/2tk)X+Q(R) 4 rF2XQ#D2+iX/iXp2`iB+2b(p2`iAM/2tR)X+Q(R) Y
/T(R)
rF2XQ#D2+iX/iXp2`iB+2b(p2`iAM/2tk)X+Q(k) 4 rF2XQ#D2+iX/iXp2`iB+2b(p2`iAM/2tR)X+Q(k) Y
/T(k)
rF2XQ#D2+iX/iXmT/i2UV
rF2XmT/i2.iUb2H7X+MitiV
/27 7Q`+2*H+mHiBQMUb2H7- rF2- rBM;- rF2.iGBbi- rBM;.iGBbi- lV,
lBM7 4 MTXb[`iU l(y)  k Y l(R)  k Y l(k)  k V
6Q`+2 4 MTXx2`QbUjV
7Q` B BM `M;2UrF2XM`ai`BTbV,
TQHvAM/2t 4 rF2XTQHvAMai`BTb(B)(@R)
p2`iAM/2tR 4 UrF2XM`SQHvS`ai`BTYRV UR Y BV @ R
p2`iAM/2tk 4 UrF2XM`SQHvS`ai`BTYRV Uk Y BV @ R
TR 4 rF2Xp2`iB+2b(p2`iAM/2tR)
Tk 4 rF2Xp2`iB+2b(p2`iAM/2tk)
/Bbi 4 MTXb[`iU UTk(y) @ TR(y)V  k Y UTk(R) @ TR(R)V  k Y UTk(k) @ TR(k)V  kV
;KKo2+ 4 UTk @ TRVf/Bbi
T 4 yX8 UTR Y TkV
m 4 b2H7XBM/m+2/o2HQ+BiviSQBMiUT- rF2.iGBbi- rBM;.iGBbi- rBM;V
;KK 4 rF2X;KK(TQHvAM/2t) ;KKo2+
7Q`+26+iQ` 4 9 MTXTB /Bbi kflBM7  k
6Q`+2(y) Y4 7Q`+26+iQ` UUl(R) Y m(R)V ;KK(k) @ Ul(k) Y m(k)V ;KK(R)V
6Q`+2(R) Y4 7Q`+26+iQ` UUl(k) Y m(k)V ;KK(y) @ Ul(y) Y m(y)V ;KK(k)V
6Q`+2(k) Y4 7Q`+26+iQ` UUl(R) Y m(R)V ;KK(y) @ Ul(y) Y m(y)V ;KK(R)V
`2im`M 6Q`+2
 2LYULSZJS
ff S`QiQivT2b
O/27BM2 2``Q` yXyyyyyyyyR
7HQi9 KmHiBTHvJi`BtU7HQi9 T- 7HQi9 s- 7HQi9 u- 7HQi9 wVc
7HQi9 bQm`+2GBM2o2HQ+BivU7HQi9 T- 7HQi9 TR- 7HQi9 Tk- 7HQi9 H- 7HQi9 K- 7HQi9 MVc
7HQi9 /Qm#H2iGBM2o2HQ+BivU7HQi9 T- 7HQi9 TR- 7HQi9 TkVc
7HQi bQm`+2GBM2SQi2MiBHU7HQi9 T- 7HQi9 TR- 7HQi9 Tk- 7HQi9 H- 7HQi9 K- 7HQi9 MVc
7HQi /Qm#H2iGBM2SQi2MiBHU7HQi9 T- 7HQi9 TR- 7HQi9 Tk- 7HQi9 H- 7HQi9 K- 7HQi9 MVc
7HQi +H+*U7HQi SL- 7HQi _LlJ- 7HQi .LPJVc
7HQi9 mMBiaQm`+2o2HQ+BivUBMi B-
7HQi9 T-
nn;HQ#H 7HQi9  p2`iB+2b-
nn;HQ#H 7HQi9  +i`HSQBMib-
nn;HQ#H 7HQi9  H-
nn;HQ#H 7HQi9  K-
nn;HQ#H 7HQi9  M-
nn;HQ#H BMi9  iQTQHQ;vVc
7HQi9 mMBi.Qm#H2io2HQ+BivUBMi B-
7HQi9 T-
nn;HQ#H 7HQi9  p2`iB+2b-
nn;HQ#H 7HQi9  +i`HSQBMib-
nn;HQ#H 7HQi9  H-
nn;HQ#H 7HQi9  K-

nn;HQ#H 7HQi9  M-
nn;HQ#H BMi9  iQTQHQ;vVc
7HQi mMBiaQm`+2SQi2MiBHUBMi B-
7HQi9 T-
nn;HQ#H 7HQi9  p2`iB+2b-
nn;HQ#H 7HQi9  +i`HSQBMib-
nn;HQ#H 7HQi9  H-
nn;HQ#H 7HQi9  K-
nn;HQ#H 7HQi9  M-
nn;HQ#H BMi9  iQTQHQ;vVc
7HQi mMBi.Qm#H2iSQi2MiBHUBMi B-
7HQi9 T-
nn;HQ#H 7HQi9  p2`iB+2b-
nn;HQ#H 7HQi9  +i`HSQBMib-
nn;HQ#H 7HQi9  H-
nn;HQ#H 7HQi9  K-
nn;HQ#H 7HQi9  M-
nn;HQ#H BMi9  iQTQHQ;vVc
ff AKTH2K2MiiBQM
7HQi9 KmHiBTHvJi`BtU7HQi9 T- 7HQi9 s- 7HQi9 u- 7HQi9 wV &
7HQi9 TPmic
TPmiXt 4 TXt sXt Y TXv sXv Y TXx sXxc
TPmiXv 4 TXt uXt Y TXv uXv Y TXx uXxc
TPmiXx 4 TXt wXt Y TXv wXv Y TXx wXxc
`2im`M TPmic
'
7HQi +H+*U7HQi SL- 7HQi _LlJ- 7HQi .LPJV &
7HQi *c
B7 USL 44 y  .LPJ I yV &
* 4 @JnSAc
'
2Hb2 B7 USL 44 y  .LPJ 44 yV &
* 4 @yX8 JnSAc
'
2Hb2 B7 USL 44 y  .LPJ = yV &
* 4 yXyc
'
2Hb2 &
* 4 iMkU_LlJ- .LPJVc
'
`2im`M *c
'
7HQi9 bQm`+2GBM2o2HQ+BivU7HQi9 T- 7HQi9 TR- 7HQi9 Tk- 7HQi9 H- 7HQi9 K- 7HQi9 MV &
7HQi9 mc ff _2im`M p`B#H2
7HQi9 b 4 Tk @ TRc
7HQi9  4 T @ TRc
7HQi9 # 4 T @ Tkc
7HQi a 4 b[`iUbXt bXt Y bXv bXv Y bXx bXxVc
B7 Ua = 2``Q`V &
7HQi  4 b[`iUXt Xt Y Xv Xv Y Xx XxVc
7HQi " 4 b[`iU#Xt #Xt Y #Xv #Xv Y #Xx #XxVc
7HQi SL 4 TXt MXt Y TXv MXv Y TXx MXxc
7HQi aG 4 bXt HXt Y bXv HXv Y bXx HXxc
7HQi aJ 4 bXt KXt Y bXv KXv Y bXx KXxc
7HQi G 4 Xt HXt Y Xv HXv Y Xx HXxc
7HQi J 4 Xt KXt Y Xv KXv Y Xx KXxc
7HQi H 4 J aG @ G aJc
7HQi S 4 SL SL aG Y H Jc
7HQi S" 4 S @ H aJc
7HQi _LlJ 4 aJ SL U" S @  S"Vc
7HQi .LPJ 4 S S" Y SL SL  " aJ aJc
7HQi :G 4 URfaV HQ;U 7#bUUY"YaVfUY"@aVV Vc
7HQi * 4 +H+*USL- _LlJ- .LPJVc
m 4 :G aJ H @ :G aG K Y * Mc
'

2Hb2 &
mXt 4 yc
mXv 4 yc
mXx 4 yc
'
`2im`M mc
'
7HQi9 /Qm#H2iGBM2o2HQ+BivU7HQi9 T- 7HQi9 TR- 7HQi9 TkV &
7HQi9 mc ff _2im`M p`B#H2
7HQi9  4 T @ TRc
7HQi9 # 4 T @ Tkc
7HQi9 b 4 Tk @ TRc
7HQi o"t 4 Xv #Xx @ Xx #Xvc
7HQi o"v 4 Xx #Xt @ Xt #Xxc
7HQi o"x 4 Xt #Xv @ Xv #Xtc
7HQi o" 4 o"t o"t Y o"v o"v Y o"x o"xc
7HQi  4 b[`iU Xt Xt Y Xv Xv Y Xx Xx Vc
7HQi " 4 b[`iU #Xt #Xt Y #Xv #Xv Y #Xx #Xx Vc
7HQi a 4 b[`iU bXt bXt Y bXv bXv Y bXx bXx Vc
B7 U I 2``Q` %% " I 2``Q` %% o" I 2``Q`V &
mXt 4 yc
mXv 4 yc
mXx 4 yc
'
2Hb2 B7 Ua I 2``Q`V &
mXt 4 yc
mXv 4 yc
mXx 4 yc
'
2Hb2 &
7HQi ." 4 Xt #Xt Y Xv #Xv Y Xx #Xxc
7HQi E 4 UY"VfU  " U " Y ."V Vc
mXt 4 E o"tc
mXv 4 E o"vc
mXx 4 E o"xc
'
`2im`M mc
'
7HQi bQm`+2GBM2SQi2MiBHU7HQi9 T- 7HQi9 TR- 7HQi9 Tk- 7HQi9 H- 7HQi9 K- 7HQi9 MV &
7HQi9 b 4 Tk @ TRc
7HQi9  4 T @ TRc
7HQi9 # 4 T @ Tkc
7HQi a 4 b[`iUbXt bXt Y bXv bXv Y bXx bXxVc
7HQi T?Bc
B7 Ua = 2``Q`V &
7HQi  4 b[`iUXt Xt Y Xv Xv Y Xx XxVc
7HQi " 4 b[`iU#Xt #Xt Y #Xv #Xv Y #Xx #XxVc
7HQi SL 4 TXt MXt Y TXv MXv Y TXx MXxc
7HQi aG 4 bXt HXt Y bXv HXv Y bXx HXxc
7HQi aJ 4 bXt KXt Y bXv KXv Y bXx KXxc
7HQi G 4 Xt HXt Y Xv HXv Y Xx HXxc
7HQi J 4 Xt KXt Y Xv KXv Y Xx KXxc
7HQi H 4 J aG @ G aJc
7HQi S 4 SL SL aG Y H Jc
7HQi S" 4 S @ H aJc
7HQi _LlJ 4 aJ SL U" S @  S"Vc
7HQi .LPJ 4 S S" Y SL SL  " aJ aJc
7HQi * 4 +H+*USL- _LlJ- .LPJVc
7HQi :G 4 URfaV HQ;U 7#bU UY"YaVfUY"@aV V Vc
T?B 4 H :G @ SL *c
'
2Hb2 &
T?B 4 yc
'

`2im`M T?Bc
'
7HQi /Qm#H2iGBM2SQi2MiBHU7HQi9 T- 7HQi9 TR- 7HQi9 Tk- 7HQi9 H- 7HQi9 K- 7HQi9 MV &
7HQi9 b 4 Tk @ TRc
7HQi9  4 T @ TRc
7HQi9 # 4 T @ Tkc
7HQi a 4 b[`iUbXt bXt Y bXv bXv Y bXx bXxVc
7HQi T?Bc
B7 Ua = 2``Q`V &
7HQi  4 b[`iUXt Xt Y Xv Xv Y Xx XxVc
7HQi " 4 b[`iU#Xt #Xt Y #Xv #Xv Y #Xx #XxVc
7HQi SL 4 TXt MXt Y TXv MXv Y TXx MXxc
7HQi aG 4 bXt HXt Y bXv HXv Y bXx HXxc
7HQi aJ 4 bXt KXt Y bXv KXv Y bXx KXxc
7HQi G 4 Xt HXt Y Xv HXv Y Xx HXxc
7HQi J 4 Xt KXt Y Xv KXv Y Xx KXxc
7HQi H 4 J aG @ G aJc
7HQi S 4 SL SL aG Y H Jc
7HQi S" 4 S @ H aJc
7HQi _LlJ 4 aJ SL U" S @  S"Vc
7HQi .LPJ 4 S S" Y SL SL  " aJ aJc
T?B 4 +H+*USL- _LlJ- .LPJVc
'
2Hb2 &
T?B 4 yc
'
`2im`M T?Bc
'
7HQi9 mMBiaQm`+2o2HQ+BivUBMi B-
7HQi9 T-
nn;HQ#H 7HQi9  p2`iB+2b-
nn;HQ#H 7HQi9  +i`HSQBMib-
nn;HQ#H 7HQi9  H-
nn;HQ#H 7HQi9  K-
nn;HQ#H 7HQi9  M-
nn;HQ#H BMi9  iQTQHQ;vV &
7HQi9 mc
7HQi9 Ty 4 +i`HSQBMib(B)c ff*2Mi2` Q7 TM2H
T 4 T @ Tyc ff h`MbHi2 TQBMi BMiQ M2r TM2H +2Mi2`/ +QQ`/BMi2 bvbi2K
ff *Q`M2` TQBMib
BMi BR 4 iQTQHQ;v(B)(y)c
BMi Bk 4 iQTQHQ;v(B)(R)c
BMi Bj 4 iQTQHQ;v(B)(k)c
BMi B9 4 iQTQHQ;v(B)(j)c
7HQi9 TR 4 p2`iB+2b(BR) @ Tyc
7HQi9 Tk 4 p2`iB+2b(Bk) @ Tyc
7HQi9 Tj 4 p2`iB+2b(Bj) @ Tyc
7HQi9 T9 4 p2`iB+2b(B9) @ Tyc
ff 6BM/ i`Mb7Q`KiBQM Ki`B+2b #2ir22M ;HQ#H M/ HQ+H TM2H +QQ`/BMi2 bvbi2K
7HQi9 s 4 H(B)c
7HQi9 u 4 K(B)c
7HQi9 w 4 M(B)c
7HQi SG 4 TXt sXt Y TXv sXv Y TXx sXxc
7HQi SJ 4 TXt uXt Y TXv uXv Y TXx uXxc
7HQi SL 4 TXt wXt Y TXv wXv Y TXx wXxc
7HQi9 mR 4 bQm`+2GBM2o2HQ+BivUT- TR- Tk- H(B)- K(B)- M(B)Vc
7HQi9 mk 4 bQm`+2GBM2o2HQ+BivUT- Tk- Tj- H(B)- K(B)- M(B)Vc
7HQi9 mj 4 bQm`+2GBM2o2HQ+BivUT- Tj- T9- H(B)- K(B)- M(B)Vc
7HQi9 m9 4 bQm`+2GBM2o2HQ+BivUT- T9- TR- H(B)- K(B)- M(B)Vc
m 4 mR Y mk Y mj Y m9c
B7 U7#bUSLV I 2``Q`V &
B7 U 7#bUSGV I 2``Q`  7#bUSJV I 2``Q` V &

mXx 4 k JnSAc
mXt 4 yc
mXv 4 yc
'
2Hb2 &
mXx 4 yc
'
'
`2im`M mc
'
7HQi9 mMBi.Qm#H2io2HQ+BivUBMi B-
7HQi9 T-
nn;HQ#H 7HQi9  p2`iB+2b-
nn;HQ#H 7HQi9  +i`HSQBMib-
nn;HQ#H 7HQi9  H-
nn;HQ#H 7HQi9  K-
nn;HQ#H 7HQi9  M-
nn;HQ#H BMi9  iQTQHQ;vV &
7HQi9 Ty 4 +i`HSQBMib(B)c ff*2Mi2` Q7 TM2H
T 4 T @ Tyc ff h`MbHi2 TQBMi BMiQ M2r TM2H +2Mi2`/ +QQ`/BMi2 bvbi2K
ff *Q`M2` TQBMib
BMi BR 4 iQTQHQ;v(B)(y)c
BMi Bk 4 iQTQHQ;v(B)(R)c
BMi Bj 4 iQTQHQ;v(B)(k)c
BMi B9 4 iQTQHQ;v(B)(j)c
7HQi9 TR 4 p2`iB+2b(BR) @ Tyc
7HQi9 Tk 4 p2`iB+2b(Bk) @ Tyc
7HQi9 Tj 4 p2`iB+2b(Bj) @ Tyc
7HQi9 T9 4 p2`iB+2b(B9) @ Tyc
ff *H+mHi2 +QMi`B#miBQM 7`QK 2p2`v HBM2
7HQi9 mR 4 /Qm#H2iGBM2o2HQ+BivUT- TR- TkVc
7HQi9 mk 4 /Qm#H2iGBM2o2HQ+BivUT- Tk- TjVc
7HQi9 mj 4 /Qm#H2iGBM2o2HQ+BivUT- Tj- T9Vc
7HQi9 m9 4 /Qm#H2iGBM2o2HQ+BivUT- T9- TRVc
7HQi9 m 4 mR Y mk Y mj Y m9c
`2im`M mc
'
7HQi mMBiaQm`+2SQi2MiBHUBMi B-
7HQi9 T-
nn;HQ#H 7HQi9  p2`iB+2b-
nn;HQ#H 7HQi9  +i`HSQBMib-
nn;HQ#H 7HQi9  H-
nn;HQ#H 7HQi9  K-
nn;HQ#H 7HQi9  M-
nn;HQ#H BMi9  iQTQHQ;vV &
7HQi9 Ty 4 +i`HSQBMib(B)c ff*2Mi2` Q7 TM2H
T 4 T @ Tyc ff h`MbHi2 TQBMi BMiQ M2r TM2H +2Mi2`/ +QQ`/BMi2 bvbi2K
ff *Q`M2` TQBMib
BMi BR 4 iQTQHQ;v(B)(y)c
BMi Bk 4 iQTQHQ;v(B)(R)c
BMi Bj 4 iQTQHQ;v(B)(k)c
BMi B9 4 iQTQHQ;v(B)(j)c
7HQi9 TR 4 p2`iB+2b(BR) @ Tyc
7HQi9 Tk 4 p2`iB+2b(Bk) @ Tyc
7HQi9 Tj 4 p2`iB+2b(Bj) @ Tyc
7HQi9 T9 4 p2`iB+2b(B9) @ Tyc
7HQi T?BR 4 bQm`+2GBM2SQi2MiBHUT- TR- Tk- H(B)- K(B)- M(B)Vc
7HQi T?Bk 4 bQm`+2GBM2SQi2MiBHUT- Tk- Tj- H(B)- K(B)- M(B)Vc
7HQi T?Bj 4 bQm`+2GBM2SQi2MiBHUT- Tj- T9- H(B)- K(B)- M(B)Vc
7HQi T?B9 4 bQm`+2GBM2SQi2MiBHUT- T9- TR- H(B)- K(B)- M(B)Vc
`2im`M T?BR Y T?Bk Y T?Bj Y T?B9c
'
7HQi mMBi.Qm#H2iSQi2MiBHUBMi B-
7HQi9 T-
nn;HQ#H 7HQi9  p2`iB+2b-
nn;HQ#H 7HQi9  +i`HSQBMib-
nn;HQ#H 7HQi9  H-
nn;HQ#H 7HQi9  K-
nn;HQ#H 7HQi9  M-
nn;HQ#H BMi9  iQTQHQ;vV &

7HQi9 Ty 4 +i`HSQBMib(B)c ff*2Mi2` Q7 TM2H
7HQi T?Bc
T 4 T @ Tyc ff h`MbHi2 TQBMi BMiQ M2r TM2H +2Mi2`/ +QQ`/BMi2 bvbi2K
ff *Q`M2` TQBMib
BMi BR 4 iQTQHQ;v(B)(y)c
BMi Bk 4 iQTQHQ;v(B)(R)c
BMi Bj 4 iQTQHQ;v(B)(k)c
BMi B9 4 iQTQHQ;v(B)(j)c
7HQi9 TR 4 p2`iB+2b(BR) @ Tyc
7HQi9 Tk 4 p2`iB+2b(Bk) @ Tyc
7HQi9 Tj 4 p2`iB+2b(Bj) @ Tyc
7HQi9 T9 4 p2`iB+2b(B9) @ Tyc
ff 6BM/ i`Mb7Q`KiBQM Ki`B+2b #2ir22M ;HQ#H M/ HQ+H TM2H +QQ`/BMi2 bvbi2K
7HQi9 s 4 H(B)c
7HQi9 u 4 K(B)c
7HQi9 w 4 M(B)c
7HQi T?BR 4 /Qm#H2iGBM2SQi2MiBHUT- TR- Tk- s- u- wVc
7HQi T?Bk 4 /Qm#H2iGBM2SQi2MiBHUT- Tk- Tj- s- u- wVc
7HQi T?Bj 4 /Qm#H2iGBM2SQi2MiBHUT- Tj- T9- s- u- wVc
7HQi T?B9 4 /Qm#H2iGBM2SQi2MiBHUT- T9- TR- s- u- wVc
T?B 4 T?BR Y T?Bk Y T?Bj Y T?B9c
`2im`M T?Bc
'
nnF2`M2H pQB/ bQm`+2AM7Hm2M+2L2rKMMU7HQi9 T-
7HQi9 MnT-
nn;HQ#H 7HQi9  p2`iB+2b-
nn;HQ#H 7HQi9  +i`HSQBMib-
nn;HQ#H 7HQi9  H-
nn;HQ#H 7HQi9  K-
nn;HQ#H 7HQi9  M-
nn;HQ#H BMi9  iQTQHQ;v-
nn;HQ#H 7HQi  V &
BMi B 4 ;2in;HQ#HnB/UyVc
7HQi9 m 4 mMBiaQm`+2o2HQ+BivUB- T- p2`iB+2b- +i`HSQBMib- H- K- M- iQTQHQ;vVc
7HQi9 TK 4 Tc
TKXx 4 @TXxc
7HQi9 mK 4 mMBiaQm`+2o2HQ+BivUB- TK- p2`iB+2b- +i`HSQBMib- H- K- M- iQTQHQ;vVc
(B) 4 MnTXt UmXt Y mKXtV Y MnTXv UmXv Y mKXvV Y MnTXx UmXx @ mKXxVc
'
nnF2`M2H pQB/ /Qm#H2iAM7Hm2M+2L2rKMMU7HQi9 T-
7HQi9 MnT-
nn;HQ#H 7HQi9  p2`iB+2b-
nn;HQ#H 7HQi9  +i`HSQBMib-
nn;HQ#H 7HQi9  H-
nn;HQ#H 7HQi9  K-
nn;HQ#H 7HQi9  M-
nn;HQ#H BMi9  iQTQHQ;v-
nn;HQ#H 7HQi  V &
BMi B 4 ;2in;HQ#HnB/UyVc
7HQi9 m 4 mMBi.Qm#H2io2HQ+BivUB- T- p2`iB+2b- +i`HSQBMib- H- K- M- iQTQHQ;vVc
7HQi9 TK 4 Tc
TKXx 4 @TXxc
7HQi9 mK 4 mMBi.Qm#H2io2HQ+BivUB- TK- p2`iB+2b- +i`HSQBMib- H- K- M- iQTQHQ;vVc
(B) 4 MnTXt UmXt Y mKXtV Y MnTXv UmXv Y mKXvV Y MnTXx UmXx @ mKXxVc
'
nnF2`M2H pQB/ bQm`+2AM7Hm2M+2.B`B+?H2iU7HQi9 T-
nn;HQ#H 7HQi9  p2`iB+2b-
nn;HQ#H 7HQi9  +i`HSQBMib-
nn;HQ#H 7HQi9  H-
nn;HQ#H 7HQi9  K-
nn;HQ#H 7HQi9  M-
nn;HQ#H BMi9  iQTQHQ;v-
nn;HQ#H 7HQi  V &
BMi B 4 ;2in;HQ#HnB/UyVc

7HQi T?B 4 mMBiaQm`+2SQi2MiBHUB- T- p2`iB+2b- +i`HSQBMib- H- K- M- iQTQHQ;vVc
7HQi9 TK 4 Tc
TKXx 4 @TXxc
7HQi T?BK 4 mMBiaQm`+2SQi2MiBHUB- TK- p2`iB+2b- +i`HSQBMib- H- K- M- iQTQHQ;vVc
(B) 4 T?B Y T?BKc
'
nnF2`M2H pQB/ /Qm#H2iAM7Hm2M+2.B`B+?H2iU7HQi9 T-
nn;HQ#H 7HQi9  p2`iB+2b-
nn;HQ#H 7HQi9  +i`HSQBMib-
nn;HQ#H 7HQi9  H-
nn;HQ#H 7HQi9  K-
nn;HQ#H 7HQi9  M-
nn;HQ#H BMi9  iQTQHQ;v-
nn;HQ#H 7HQi  V&
BMi B 4 ;2in;HQ#HnB/UyVc
7HQi T?B 4 mMBi.Qm#H2iSQi2MiBHUB- T- p2`iB+2b- +i`HSQBMib- H- K- M- iQTQHQ;vVc
7HQi9 TK 4 Tc
TKXx 4 @TXxc
7HQi T?BK 4 mMBi.Qm#H2iSQi2MiBHUB- TK- p2`iB+2b- +i`HSQBMib- H- K- M- iQTQHQ;vVc
(B) 4 T?B Y T?BKc
'
nnF2`M2H pQB/ bi`BTAM7Hm2M+2.B`B+?H2iU7HQi9 T-
nn;HQ#H 7HQi9  p2`iB+2b-
nn;HQ#H 7HQi9  +i`HSQBMib-
nn;HQ#H 7HQi9  H-
nn;HQ#H 7HQi9  K-
nn;HQ#H 7HQi9  M-
nn;HQ#H BMi9  iQTQHQ;v-
nn;HQ#H BMi  TQHvAMai`BT-
nn;HQ#H 7HQi  V &
BMi B 4 ;2in;HQ#HnB/UyVc
BMi BSQHv 4 TQHvAMai`BT(B)c ff BM/2t Q7 +m``2Mi rF2 TQHv;QM
7HQi T?B 4 mMBi.Qm#H2iSQi2MiBHUBSQHv- T- p2`iB+2b- +i`HSQBMib- H- K- M- iQTQHQ;vVc
7HQi9 TK 4 Tc
TKXx 4 @TXxc
7HQi T?BK 4 mMBi.Qm#H2iSQi2MiBHUBSQHv- TK- p2`iB+2b- +i`HSQBMib- H- K- M- iQTQHQ;vVc
(B) 4 T?B Y T?BKc
'
nnF2`M2H pQB/ bi`BTAM7Hm2M+2L2rKMMU7HQi9 T-
7HQi9 MnT-
nn;HQ#H 7HQi9  p2`iB+2b-
nn;HQ#H 7HQi9  +i`HSQBMib-
nn;HQ#H 7HQi9  H-
nn;HQ#H 7HQi9  K-
nn;HQ#H 7HQi9  M-
nn;HQ#H BMi9  iQTQHQ;v-
nn;HQ#H BMi  TQHvAMai`BT-
nn;HQ#H 7HQi  V &
BMi B 4 ;2in;HQ#HnB/UyVc
BMi BSQHv 4 TQHvAMai`BT(B)c ff BM/2t Q7 +m``2Mi rF2 TQHv;QM
7HQi9 m 4 mMBi.Qm#H2io2HQ+BivUBSQHv- T- p2`iB+2b- +i`HSQBMib- H- K- M- iQTQHQ;vVc
7HQi9 TK 4 Tc
TKXx 4 @TXxc
7HQi9 mK 4 mMBi.Qm#H2io2HQ+BivUBSQHv- TK- p2`iB+2b- +i`HSQBMib- H- K- M- iQTQHQ;vVc
(B) 4 MnTXt UmXt Y mKXtV Y MnTXv UmXv Y mKXvV Y MnTXx UmXx @ mKXxVc
'
nnF2`M2H pQB/ p2HQ+BivaQm`+2U7HQi9 T-
nn;HQ#H 7HQi9  p2`iB+2b-
nn;HQ#H 7HQi9  +i`HSQBMib-
nn;HQ#H 7HQi9  H-
nn;HQ#H 7HQi9  K-
nn;HQ#H 7HQi9  M-
nn;HQ#H BMi9  iQTQHQ;v-
nn;HQ#H 7HQi  bB;K-

nn;HQ#H 7HQi9  mV &
BMi B 4 ;2in;HQ#HnB/UyVc
7HQi9 mPmi 4 mMBiaQm`+2o2HQ+BivUB- T- p2`iB+2b- +i`HSQBMib- H- K- M- iQTQHQ;vVc
7HQi9 TK 4 Tc
TKXx 4 @TXxc
7HQi9 mPminK 4 mMBiaQm`+2o2HQ+BivUB- TK- p2`iB+2b- +i`HSQBMib- H- K- M- iQTQHQ;vVc
m(B)Xt 4 bB;K(B) UmPmiXt Y mPminKXtVc
m(B)Xv 4 bB;K(B) UmPmiXv Y mPminKXvVc
m(B)Xx 4 bB;K(B) UmPmiXx @ mPminKXxVc
'
nnF2`M2H pQB/ p2HQ+Biv.Qm#H2iU7HQi9 T-
nn;HQ#H 7HQi9  p2`iB+2b-
nn;HQ#H 7HQi9  +i`HSQBMib-
nn;HQ#H 7HQi9  H-
nn;HQ#H 7HQi9  K-
nn;HQ#H 7HQi9  M-
nn;HQ#H BMi9  iQTQHQ;v-
nn;HQ#H 7HQi  ;KK-
nn;HQ#H 7HQi9  mV &
BMi B 4 ;2in;HQ#HnB/UyVc
7HQi9 mPmi 4 mMBi.Qm#H2io2HQ+BivUB- T- p2`iB+2b- +i`HSQBMib- H- K- M- iQTQHQ;vVc
7HQi9 TK 4 Tc
TKXx 4 @TXxc
7HQi9 mPminK 4 mMBi.Qm#H2io2HQ+BivUB- TK- p2`iB+2b- +i`HSQBMib- H- K- M- iQTQHQ;vVc
m(B)Xt 4 ;KK(B) UmPmiXt Y mPminKXtVc
m(B)Xv 4 ;KK(B) UmPmiXv Y mPminKXvVc
m(B)Xx 4 ;KK(B) UmPmiXx @ mPminKXxVc
'
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+HQb2 HH
+H2` HH
HQ/U^L*yyR9n.iXKi^V
W a+`BTi i?i +H+mHi2b i?`mbi M/ bB/2 7Q`+2 +Q277B+B2Mib 7Q` /B772`2Mi
W rBM/ /B`2+iBQMb M/ M;H2b Q7 ii+F
W qBM/ /B`2+iBQMb `2 TT`2Mi rBM/ /B`2+iBQMb
WW AMBiBHBx2 p`B#H2b
rBM/M;H2b 4 R,R,R8yc
M`qBM/ 4 H2M;i?UrBM/M;H2bVc
rBM;M;H2b 4 y,yXR,k9c
M`qBM; 4 H2M;i?UrBM;M;H2bVc
*t 4 x2`QbUM`qBM/- M`qBM;Vc
*v 4 x2`QbUM`qBM/- M`qBM;Vc
*tn2HHBTiB+ 4 x2`QbUM`qBM/- M`qBM;Vc
*vn2HHBTiB+ 4 x2`QbUM`qBM/- M`qBM;Vc
*tn`2+iM;mH` 4 x2`QbUM`qBM/- M`qBM;Vc
*vn`2+iM;mH` 4 x2`QbUM`qBM/- M`qBM;Vc
WW qBM; 7+iQ`b
HB7i_2+ 4 yXe8c
BMi2`M; 4 (jy- ey- Ny- Rky- R8y)c
HB7iAMi2` 4 (yXek9j- yXe38y- yXee9d- yXekRy- yX89NN)c
/`;AMi2` 4 (RX8dy9- RXkN38- RXykjy- yXNRkj- yX3N83)c
bT 4 kXed kc
/2Hi 4 yXy89c
T`7Q` B 4 R,M`qBM/
HB7iAMi2`*m``2Mi 4 BMi2`TRUBMi2`M;- HB7iAMi2`- rBM/M;H2bUBV- ^bTHBM2^Vc
/`;AMi2`*m``2Mi 4 BMi2`TRUBMi2`M;- /`;AMi2`- rBM/M;H2bUBV- ^bTHBM2^Vc
b 4 bBM/UrBM/M;H2bUBVVc
+ 4 +Qb/UrBM/M;H2bUBVVc

7Q` D 4 R,M`qBM;
*Gk.n+m``2Mi 4 BMi2`TRUM;H26QBH- *Gk.- rBM;M;H2bUDV- ^bTHBM2^Vc
*.pn*m``2Mi 4 BMi2`TRUM;H26QBH- *.p- rBM;M;H2bUDV- ^bTHBM2^Vc
*Gn2HHBTiB+ 4 *Gk.n+m``2MifURYkfbTVc
*Gn`2+iM;mH` 4 *Gk.n+m``2Mi HB7i_2+c
*G 4 *Gk.n+m``2Mi HB7i_2+ HB7iAMi2`*m``2Mic
*.Bn2HHBTiB+ 4 *Gn2HHBTiB+kfUTB bTVc
*.Bn`2+iM;mH` 4 URY/2HiV *Gn`2+iM;mH`kfUTB bTVc
*.B 4 /`;AMi2`*m``2Mi URY/2HiV *GkfUTB bTVc
*.n2HHBTiB+ 4 *.Bn2HHBTiB+ Y *.pn*m``2Mic
*.n`2+iM;mH` 4 *.Bn`2+iM;mH` Y *.pn*m``2Mic
*. 4 *.B Y *.pn*m``2Mic
*tUB- DV 4 *G b @ *. +c
*vUB- DV 4 @*G + @ *. bc
*tn2HHBTiB+UB- DV 4 *Gn2HHBTiB+ b @ *.n2HHBTiB+ +c
*vn2HHBTiB+UB- DV 4 @*Gn2HHBTiB+ + @ *.n2HHBTiB+ bc
*tn`2+iM;mH`UB- DV 4 *Gn`2+iM;mH` b @ *.n`2+iM;mH` +c
*vn`2+iM;mH`UB- DV 4 @*Gn`2+iM;mH` + @ *.n`2+iM;mH` bc
2M/
2M/
(*tJt- BM/2t) 4 KtU*t- ()- kVc
(*tJtn`2+iM;mH`- BM/2tn`2+iM;mH`) 4 KtU*tn`2+iM;mH`- ()- kVc
(*tJtn2HHBTiB+- BM/2tn2HHBTiB+) 4 KtU*tn2HHBTiB+- ()- kVc
*vJt 4 x2`QbUR- M`qBM/Vc
*vJtn`2+iM;mH` 4 x2`QbUR- M`qBM/Vc
*vJtn2HHBTiB+ 4 x2`QbUR- M`qBM/Vc
i2biM;H2 4 x2`QbUR- M`qBM/Vc
T`7Q` B 4 R,M`qBM/
*vJtUBV 4 *vUB- BM/2tUBVVc
*vJtn`2+iM;mH`UBV 4 *vn`2+iM;mH`UB- BM/2tn`2+iM;mH`UBVVc
*vJtn2HHBTiB+UBV 4 *vn2HHBTiB+UB- BM/2tn2HHBTiB+UBVVc
i2biM;H2UBV 4 rBM;M;H2bUBM/2tUBVV
2M/
7B;m`2URV
THQiUrBM/M;H2b- *tJt- ^+QHQ`^- ^#Hm2^V
?QH/ QM
THQiUrBM/M;H2b- *tJtn`2+iM;mH`- ^+QHQ`^- (y- yXe- y)V
THQiUrBM/M;H2b- *tJtn2HHBTiB+- ^+QHQ`^- ^`2/^V
tH#2HU^TT`2MiɚrBM/ɚ/B`2+iBQMɚ(/2;)^V
vH#2HU^i?`mbiɚ+Q277B+B2Mi-ɚ*nt^V
H2;2M/U^_2+iM;mH`ɚrBM;bɚrBi?ɚBMi2`+iBQM^- ^_2+iM;mH`ɚrBM;ɚrBi?QmiɚBMi2`+iBQM^- ^1HHBTiB+ɚrBM;ɚrBi?Qmiɚ
BMi2`+iBQM^- 9V
tBbU(y- R3y- y- RX8)V
7B;m`2UkV
THQiUrBM/M;H2b- *vJt- ^+QHQ`^- ^#Hm2^V
?QH/ QM
THQiUrBM/M;H2b- *vJtn`2+iM;mH`- ^+QHQ`^- (y- yXe- y)V
THQiUrBM/M;H2b- *vJtn2HHBTiB+- ^+QHQ`^- ^`2/^V
tBbU(y- R3y- @RX9- RX9)V
tH#2HU^TT`2MiɚrBM/ɚ/B`2+iBQMɚ(/2;)^V
vH#2HU^aB/2ɚ7Q`+2ɚ+Q277B+B2Mi-ɚ*nv^V
H2;2M/U^_2+iM;mH`ɚrBM;bɚrBi?ɚBMi2`+iBQM^- ^_2+iM;mH`ɚrBM;ɚrBi?QmiɚBMi2`+iBQM^- ^1HHBTiB+ɚrBM;ɚrBi?Qmiɚ
BMi2`+iBQM^- 9V
 ^PUN*VLɉJPLU[Z:LYPLZT
+HQb2 HH
+H2` HH
HQ/U^L*yyR9n.iXKi^V
W a+`BTi i?i +H+mHi2b i?`mbi M/ bB/2 7Q`+2 +Q277B+B2Mib 7Q` /B772`2Mi
W rBM/ /B`2+iBQMb M/ M;H2b Q7 ii+F
W qBM/ /B`2+iBQMb `2 TT`2Mi rBM/ /B`2+iBQMb
7B;m`2URV
?QH/ QM
7B;m`2UkV

?QH/ QM
WW a2`B2b ey
rBM/M;H2b 4 8,R,R8yc
M`qBM/ 4 H2M;i?UrBM/M;H2bVc
rBM;M;H2b 4 y,yXR,k9c
M`qBM; 4 H2M;i?UrBM;M;H2bVc
*t 4 x2`QbUM`qBM/- M`qBM;Vc
*v 4 x2`QbUM`qBM/- M`qBM;Vc
*tn2HHBTiB+ 4 x2`QbUM`qBM/- M`qBM;Vc
*vn2HHBTiB+ 4 x2`QbUM`qBM/- M`qBM;Vc
*tn`2+iM;mH` 4 x2`QbUM`qBM/- M`qBM;Vc
*vn`2+iM;mH` 4 x2`QbUM`qBM/- M`qBM;Vc
W qBM; 7+iQ`b
HB7i_2+ 4 yXddec
BMi2`M; 4 (jy- ey- Ny- Rky- R8y)c
HB7iAMi2` 4 (yXe3ek- yXd9kN- yXdRe3- yXe3R3- yXekjk)c
/`;AMi2` 4 (kXyyN3- RXdjjy- RX9jyk- RXjk89- RXj3R9)c
bT 4 8 kc
/2Hi 4 yXydec
T`7Q` B 4 R,M`qBM/
HB7iAMi2`*m``2Mi 4 BMi2`TRUBMi2`M;- HB7iAMi2`- rBM/M;H2bUBV- ^bTHBM2^Vc
/`;AMi2`*m``2Mi 4 BMi2`TRUBMi2`M;- /`;AMi2`- rBM/M;H2bUBV- ^bTHBM2^Vc
b 4 bBM/UrBM/M;H2bUBVVc
+ 4 +Qb/UrBM/M;H2bUBVVc
7Q` D 4 R,M`qBM;
*Gk.n+m``2Mi 4 BMi2`TRUM;H26QBH- *Gk.- rBM;M;H2bUDV- ^bTHBM2^Vc
*.pn*m``2Mi 4 BMi2`TRUM;H26QBH- *.p- rBM;M;H2bUDV- ^bTHBM2^Vc
*Gn2HHBTiB+ 4 *Gk.n+m``2MifURYkfbTVc
*Gn`2+iM;mH` 4 *Gk.n+m``2Mi HB7i_2+c
*G 4 *Gk.n+m``2Mi HB7i_2+ HB7iAMi2`*m``2Mic
*.Bn2HHBTiB+ 4 *Gn2HHBTiB+kfUTB bTVc
*.Bn`2+iM;mH` 4 URY/2HiV *Gn`2+iM;mH`kfUTB bTVc
*.B 4 /`;AMi2`*m``2Mi URY/2HiV *GkfUTB bTVc
*.n2HHBTiB+ 4 *.Bn2HHBTiB+ Y *.pn*m``2Mic
*.n`2+iM;mH` 4 *.Bn`2+iM;mH` Y *.pn*m``2Mic
*. 4 *.B Y *.pn*m``2Mic
*tUB- DV 4 *G b @ *. +c
*vUB- DV 4 @*G + @ *. bc
*tn2HHBTiB+UB- DV 4 *Gn2HHBTiB+ b @ *.n2HHBTiB+ +c
*vn2HHBTiB+UB- DV 4 @*Gn2HHBTiB+ + @ *.n2HHBTiB+ bc
*tn`2+iM;mH`UB- DV 4 *Gn`2+iM;mH` b @ *.n`2+iM;mH` +c
*vn`2+iM;mH`UB- DV 4 @*Gn`2+iM;mH` + @ *.n`2+iM;mH` bc
2M/
2M/
(*tJt- BM/2t) 4 KtU*t- ()- kVc
(*tJtn`2+iM;mH`- BM/2tn`2+iM;mH`) 4 KtU*tn`2+iM;mH`- ()- kVc
(*tJtn2HHBTiB+- BM/2tn2HHBTiB+) 4 KtU*tn2HHBTiB+- ()- kVc
*vJt 4 x2`QbUR- M`qBM/Vc
*vJtn`2+iM;mH` 4 x2`QbUR- M`qBM/Vc
*vJtn2HHBTiB+ 4 x2`QbUR- M`qBM/Vc
i2biM;H2 4 x2`QbUR- M`qBM/Vc
T`7Q` B 4 R,M`qBM/
*vJtUBV 4 *vUB- BM/2tUBVVc
*vJtn`2+iM;mH`UBV 4 *vn`2+iM;mH`UB- BM/2tn`2+iM;mH`UBVVc
*vJtn2HHBTiB+UBV 4 *vn2HHBTiB+UB- BM/2tn2HHBTiB+UBVVc
i2biM;H2UBV 4 rBM;M;H2bUBM/2tUBVV
2M/
7B;m`2URV
THQiUrBM/M;H2b- *tJt- ^+QHQ`^- ^#Hm2^V
THQiUrBM/M;H2b- *tJtn`2+iM;mH`- ^+QHQ`^- (y- yXe- y)V
THQiUrBM/M;H2b- *tJtn2HHBTiB+- ^+QHQ`^- ^`2/^V
tH#2HU^TT`2MiɚrBM/ɚ/B`2+iBQMɚ(/2;)^V
vH#2HU^i?`mbiɚ+Q277B+B2Mi-ɚ*nt^V
H2;2M/U^3ɚ`2+iM;mH`ɚrBM;b^- ^aBM;H2ɚ`2+iM;mH`ɚrBM;^- ^aBM;H2ɚ2HHBTiB+ɚrBM;^- 9V
tBbU(y- R3y- y- RX8)V

iBiH2U^a2`B2bɚeyɚqBM;b^V
7B;m`2UkV
THQiUrBM/M;H2b- *vJt- ^+QHQ`^- ^#Hm2^V
THQiUrBM/M;H2b- *vJtn`2+iM;mH`- ^+QHQ`^- (y- yXe- y)V
THQiUrBM/M;H2b- *vJtn2HHBTiB+- ^+QHQ`^- ^`2/^V
tBbU(y- R3y- @RX8- RX8)V
tH#2HU^TT`2MiɚrBM/ɚ/B`2+iBQMɚ(/2;)^V
vH#2HU^aB/2ɚ7Q`+2ɚ+Q277B+B2Mi-ɚ*nv^V
H2;2M/U^3ɚ`2+iM;mH`ɚrBM;b^- ^aBM;H2ɚ`2+iM;mH`ɚrBM;^- ^aBM;H2ɚ2HHBTiB+ɚrBM;^- kV
iBiH2U^a2`B2bɚeyɚqBM;b^V
 ÄUHS9LZ\S[Z*OLTPJHS;HURLYT
+H2` HH
+HQb2 HH
HQ/U^rBM;.i*?2KB+HhMF2`XKi^V
HQ/U^a?BT6Q`+2b*?2KB+HhMF2`XKi^V
WW SHQi a2iiBM;b
+QHQ` 4 x2`QbUjVc
+QHQ`UR- ,V 4 (y- y- RXy)c
+QHQ`Uk- ,V 4 (y- yXe- y)c
+QHQ`Uj- ,V 4 (RXy- y- y)c
7B;m`2URVc
?QH/ QM
7B;m`2UkVc
?QH/ QM
7B;m`2UjVc
?QH/ QM
WW 1MpB`QMK2Mi /i
`?QnK 4 NNdX8eRc WF;fKj
`?Qnb 4 Ryk8XNc WF;fKj
MmnK 4 RXRN1@yec WKkfb
Mmnb 4 3XNR1@ydc WKkfb
`?QnB` 4 RXkk8c WF;fKj
lrBM/ 4 dc WKfb
WW aBH /i
M`aBHb 4 3c
?2B;?iaBHb 4 9yc WK
+?Q`/ 4 R8c WK
`2aBH 4 ?2B;?iaBHb +?Q`/c WKk
iQiH`2aBH 4 M`aBHb `2aBHc WKk
bBH6+iQ` 4 yX8 `?QnB` iQiH`2aBHc
WW a?BT /i
b?BTM;H2b 4 y,k,3c
WW ai#BHBiv /i
. 4 Ryc
" 4 kNX8c
M#H 4 j3R9dc
E" 4 8XkR8c
Att 4 keeRdkc
"J 4 AttfM#Hc
bi#aBM 4 bBM/U8Vc
WW .B772`2Mi rBM/ /B`2+iBQMb
rBM/M;H2bk 4 R8,R,R8yc
M`qBM/k 4 H2M;i?UrBM/M;H2bkVc
7Q` F 4 R,j
W AMBiBHBx2 p`B#H2b /2MT2M/2Mi QM rBM/ /B`2+iBQM
E: 4 x2`QbUR- M`qBM/kVc
h?`mbi 4 x2`QbUR- M`qBM/kVc
aB/26Q`+2nrBM; 4 x2`QbUR- M`qBM/kVc
vrM;H2 4 x2`QbUR- M`qBM/kVc
_2bBbiM+2qBM/ 4 x2`QbUR- M`qBM/kVc
//2/_2bBbiM+2 4 x2`QbUR- M`qBM/kVc
_2Hh?`mbi 4 x2`QbUR- M`qBM/kVc
W :Q i?`Qm;? 2+? rBM/ /B`2+iBQM
7Q` B 4 R,M`qBM/k

W *H+mHi2 TT`2Mi rBM/
mnTT`2Mi 4 lrBM/ +Qb/UrBM/M;H2bkUBVV Y lnbUFVc
pnTT`2Mi 4 lrBM/ bBM/UrBM/M;H2bkUBVVc
i?2i 4 iMkUpnTT`2Mi-mnTT`2MiV R3yfTBc
lTT`2Mi 4 b[`iUmnTT`2Mik Y pnTT`2MikVc
W h?`mbi M/ bB/2 7Q`+2 +Q277B+B2Mib
*tn+m``2Mi 4 BMi2`TRUrBM/M;H2b- *tJt- i?2i- ^bTHBM2^Vc
*vn+m``2Mi 4 BMi2`TRUrBM/M;H2b- *vJt- i?2i- ^bTHBM2^Vc
h?`mbiUBV 4 *tn+m``2Mi bBH6+iQ` lTT`2Mikc
aB/26Q`+2nrBM;UBV 4 *vn+m``2Mi bBH6+iQ` lTT`2Mikc
vrM;H2UBV 4 BMi2`TRUaB/26Q`+2UF- ,V- b?BTM;H2b- #bUaB/26Q`+2nrBM;UBVV- ^bTHBM2^Vc
_2bBbiM+2qBM/UBV 4 BMi2`TRUb?BTM;H2b- _2bBbiM+2UF- ,V- vrM;H2UBV- ^bTHBM2^Vc
//2/_2bBbiM+2UBV 4 _2bBbiM+2qBM/UBV @ _2bBbiM+2UF- RVc
_2Hh?`mbiUBV 4 h?`mbiUBV @ //2/_2bBbiM+2UBVc
E:UBV 4 UNX3R `?Qnb M#H UE" Y "JV bi#aBM @ #bUaB/26Q`+2nrBM;UBVV U?2B;?iaBHbfk Y .VVfUNX3R 
`?Qnb M#H bi#aBM @ #bUaB/26Q`+2nrBM;UBVVVc
2M/
7B;m`2URVc
THQiUrBM/M;H2bk- h?`mbif_2bBbiM+2UF- RV- ^@@^-^+QHQ`^- +QHQ`UF- ,VV
THQiUrBM/M;H2bk- _2Hh?`mbif_2bBbiM+2UF- RV- ^+QHQ`^- +QHQ`UF- ,VV
7B;m`2UkVc
THQiUrBM/M;H2bk- vrM;H2- ^+QHQ`^- +QHQ`UF- ,VV
7B;m`2UjVc
THQiUrBM/M;H2bk- E:- ^+QHQ`^- +QHQ`UF- ,VV
2M/
W h?`mbi THQiiBM;
7B;m`2URVc
H2;2M/U^lnbɚ4ɚRyɚFMQib-ɚrBi?QmiɚvrɚM;H2^- ^lnbɚ4ɚRyɚFMQib-ɚrBi?ɚvrɚM;H2^- ^lnbɚ4ɚRkX8ɚFMQib-ɚrBi?Qmiɚvr
ɚM;H2^- ^lnbɚ4ɚRkX8ɚFMQib-ɚrBi?ɚvrɚM;H2^- ^lnbɚ4ɚR8ɚFMQib-ɚrBi?QmiɚvrɚM;H2^- ^lnbɚ4ɚR8ɚFMQib-ɚrBi?
ɚvrɚM;H2^V
tH#2HU^h`m2ɚrBM/ɚ/B`2+iBQMɚ(/2;)^V
vH#2HU^Uh?`mbiɚ@ɚ//2/ɚ`2bBbiM+2Vf_272`2M+2ɚ`2bBbiM+2^V
tBbU(y- R3y- y- R)V
W ur M;H2 THQiiBM;
7B;m`2UkVc
H2;2M/U^lnbɚ4ɚRyɚFMQib^- ^lnbɚ4ɚRkX8ɚFMQib^- ^lnbɚ4ɚR8ɚFMQib^- RV
tH#2HU^h`m2ɚrBM/ɚ/B`2+iBQMɚ(/2;)^V
vH#2HU^_2[mB`2/ɚurɚM;H2ɚQ7ɚb?BTɚ(/2;)^V
tBbU(y- R3y- y- j)V
W E: THQiiBM;
7B;m`2UjV
vH#2HU^JtBKmKɚpHm2ɚQ7ɚE:ɚ(K)^V
H2;2M/U^lnbɚ4ɚRyɚFMQib^- ^lnbɚ4ɚRkX8ɚFMQib^- ^lnbɚ4ɚR8ɚFMQib^- kV
tH#2HU^h`m2ɚrBM/ɚ/B`2+iBQMɚ(/2;)^V
tBbU(y- R3y- Rk- RkXk)V
 ÄUHS9LZ\S[Z:LYPLZT
W+H2` HH
+HQb2 HH
+H2` HH
HQ/U^rBM;.ia2`B2beyXKi^V
HQ/U^a?BT6Q`+2ba2`B2beyXKi^V
WW SHQi a2iiBM;b
+QHQ` 4 x2`QbUjVc
+QHQ`UR- ,V 4 (y- y- RXy)c
+QHQ`Uk- ,V 4 (y- yXe- y)c
+QHQ`Uj- ,V 4 (RXy- y- y)c
7B;m`2URVc
?QH/ QM
7B;m`2UkVc
?QH/ QM
7B;m`2UjVc
?QH/ QM

WW 1MpB`QMK2Mi /i
`?QnK 4 NNdX8eRc WF;fKj
`?Qnb 4 Ryk8XNc WF;fKj
MmnK 4 RXRN1@yec WKkfb
Mmnb 4 3XNR1@ydc WKkfb
`?QnB` 4 RXkk8c WF;fKj
lrBM/ 4 dc WKfb
WW aBH /i
M`aBHb 4 3c
?2B;?iaBHb 4 9yc WK
+?Q`/ 4 3c WK
`2aBH 4 ?2B;?iaBHb +?Q`/c WKk
iQiH`2aBH 4 M`aBHb `2aBHc WKk
bBH6+iQ` 4 yX8 `?QnB` iQiH`2aBHc
bTS?vb 4 8c
bT 4 k bTS?vbc
WW a?BT /i
b?BTM;H2b 4 y,kX8,Ryc
WW ai#BHBiv /i
. 4 eX8c
" 4 ReXjc
M#H 4 dd99c
E" 4 jX8c
Att 4 kjRNRc
"J 4 AttfM#Hc
bi#aBM 4 bBM/U8Vc
WW .B772`2Mi rBM/ /B`2+iBQMb
rBM/M;H2bk 4 R8,R,R8yc
M`qBM/k 4 H2M;i?UrBM/M;H2bkVc
7Q` F 4 R,j
W AMBiBHBx2 p`B#H2b /2MT2M/2Mi QM rBM/ /B`2+iBQM
E: 4 x2`QbUR- M`qBM/kVc
h?`mbi 4 x2`QbUR- M`qBM/kVc
aB/26Q`+2nrBM; 4 x2`QbUR- M`qBM/kVc
vrM;H2 4 x2`QbUR- M`qBM/kVc
_2bBbiM+2qBM/ 4 x2`QbUR- M`qBM/kVc
//2/_2bBbiM+2 4 x2`QbUR- M`qBM/kVc
_2Hh?`mbi 4 x2`QbUR- M`qBM/kVc
W :Q i?`Qm;? 2+? rBM/ /B`2+iBQM
7Q` B 4 R,M`qBM/k
W *H+mHi2 TT`2Mi rBM/
mnTT`2Mi 4 lrBM/ +Qb/UrBM/M;H2bkUBVV Y lnbUFVc
pnTT`2Mi 4 lrBM/ bBM/UrBM/M;H2bkUBVVc
i?2i 4 iMkUpnTT`2Mi- mnTT`2MiVc
lTT`2Mi 4 b[`iUmnTT`2Mik Y pnTT`2MikVc
W h?`mbi M/ bB/2 7Q`+2 +Q277B+B2Mib
*tn+m``2Mi 4 BMi2`TRUrBM/M;H2b- *tJt- i?2i R3yfTB- ^bTHBM2^Vc
*vn+m``2Mi 4 BMi2`TRUrBM/M;H2b- *vJt- i?2i R3yfTB- ^bTHBM2^Vc
h?`mbiUBV 4 *tn+m``2Mi bBH6+iQ` lTT`2Mikc
aB/26Q`+2nrBM;UBV 4 *vn+m``2Mi bBH6+iQ` lTT`2Mikc
vrM;H2UBV 4 BMi2`TRUaB/26Q`+2UF- ,V- b?BTM;H2b- #bUaB/26Q`+2nrBM;UBVV- ^bTHBM2^Vc
_2bBbiM+2qBM/UBV 4 BMi2`TRUb?BTM;H2b- _2bBbiM+2UF- ,V- vrM;H2UBV- ^bTHBM2^Vc
//2/_2bBbiM+2UBV 4 _2bBbiM+2qBM/UBV @ _2bBbiM+2UF- RVc
_2Hh?`mbiUBV 4 h?`mbiUBV @ //2/_2bBbiM+2UBVc
E:UBV 4 UNX3R `?Qnb M#H UE" Y "JV bi#aBM @ #bUaB/26Q`+2nrBM;UBVV U?2B;?iaBHbfk Y .VVfUNX3R 
`?Qnb M#H bi#aBM @ #bUaB/26Q`+2nrBM;UBVVVc
2M/
7B;m`2URVc
THQiUrBM/M;H2bk- h?`mbif_2bBbiM+2UF- RV- ^@@^-^+QHQ`^- +QHQ`UF- ,VV
THQiUrBM/M;H2bk- _2Hh?`mbif_2bBbiM+2UF- RV- ^+QHQ`^- +QHQ`UF- ,VV
7B;m`2UkVc
THQiUrBM/M;H2bk- vrM;H2- ^+QHQ`^- +QHQ`UF- ,VV

7B;m`2UjVc
THQiUrBM/M;H2bk- E:- ^+QHQ`^- +QHQ`UF- ,VV
2M/
W h?`mbi THQiiBM;
7B;m`2URVc
H2;2M/U^lnbɚ4ɚRyɚFMQib-ɚrBi?QmiɚvrɚM;H2^- ^lnbɚ4ɚRyɚFMQib-ɚrBi?ɚvrɚM;H2^- ^lnbɚ4ɚRkX8ɚFMQib-ɚrBi?Qmiɚvr
ɚM;H2^- ^lnbɚ4ɚRkX8ɚFMQib-ɚrBi?ɚvrɚM;H2^- ^lnbɚ4ɚR8ɚFMQib-ɚrBi?QmiɚvrɚM;H2^- ^lnbɚ4ɚR8ɚFMQib-ɚrBi?
ɚvrɚM;H2^V
tH#2HU^h`m2ɚrBM/ɚ/B`2+iBQMɚ(/2;)^V
vH#2HU^Uh?`mbiɚ@ɚ//2/ɚ`2bBbiM+2Vf_272`2M+2ɚ`2bBbiM+2^V
tBbU(y- R3y- y- RXd)V
W ur M;H2 THQiiBM;
7B;m`2UkVc
H2;2M/U^lnbɚ4ɚRyɚFMQib^- ^lnbɚ4ɚRkX8ɚFMQib^- ^lnbɚ4ɚR8ɚFMQib^- RV
tH#2HU^h`m2ɚrBM/ɚ/B`2+iBQMɚ(/2;)^V
vH#2HU^_2[mB`2/ɚurɚM;H2ɚQ7ɚb?BTɚ(/2;)^V
tBbU(y- R3y- y- jX8)V
W E: THQiiBM;
7B;m`2UjV
vH#2HU^JtBKmKɚpHm2ɚQ7ɚE:ɚ(K)^V
H2;2M/U^lnbɚ4ɚRyɚFMQib^- ^lnbɚ4ɚRkX8ɚFMQib^- ^lnbɚ4ɚR8ɚFMQib^- kV
tH#2HU^h`m2ɚrBM/ɚ/B`2+iBQMɚ(/2;)^V
 :HPSZ6US`:LYPLZT
+HQb2 HH
+H2` HH
W a+`BTi i?i +H+mHi2b i?2 bT22/ Q7 b2`B2b ey 7Q` /B772`2Mi rBM/
W B/`2+iBQMb M/ rB/M bT22/b- mbBM; rBM; bBHb b i?2 QMHv T`QTmHbBQM
HQ/U^a?BT6Q`+2baBHbPMHva2`B2beyXKi^V
HQ/U^6Bii2/oHm2bXKi^V
HQ/U^rBM;.ia2`B2beyXKi^V
M`Ai2`iBQMb 4 eyc
2``Q` 4 yXyyRc
W 1MpB`QMK2Mi /i
`?QnK 4 NNdX8eRc WF;fKj
`?Qnb 4 Ryk8XNc WF;fKj
MmnK 4 RXRN1@yec WKkfb
Mmnb 4 3XNR1@ydc WKkfb
`?QnB` 4 RXkk8c WF;fKj
W aBH /i
M`aBHb 4 3c
?2B;?iaBHb 4 9yc WK
+?Q`/ 4 3c WK
`2aBH 4 ?2B;?iaBHb +?Q`/c WKk
iQiH`2aBH 4 M`aBHb `2aBHc WKk
bBH6+iQ` 4 yX8 `?QnB` iQiH`2aBHc
WW qBM/ aT22/ d
lnrBM/ 4 dc
rBM/M;H2bk 4 k8,R,R8yc
M`qBM/k 4 H2M;i?UrBM/M;H2bkVc
lnMQur 4 x2`QbUR- M`qBM/kVc
lnur 4 x2`QbUR- M`qBM/kVc
i?2i 4 x2`QbUR- M`qBM/kVc
(b?BTM;H2bk.- lnbk.) 4 K2b?;`B/Uy,kX8,Ry- lnbV c
b?BTM;H2b 4 y,kX8,Ryc
7Q` B 4 R,M`qBM/k
W LQ vr 2772+ib QM `2bBbiM+2
lnb?BT 4 yc
mnrBM/ 4 lnrBM/ +Qb/UrBM/M;H2bkUBVVc
pnTT`2Mi 4 lnrBM/ bBM/UrBM/M;H2bkUBVVc
HQQFBM;6Q`l 4 Rc
M 4 Rc
r?BH2 HQQFBM;6Q`l
lni2bi 4 lnb?BTc

mnTT`2Mi 4 mnrBM/ Y lnb?BTc
lnTT`2Mi 4 mnTT`2Mik Y pnTT`2Mikc
i?2i 4 iMkUpnTT`2Mi- mnTT`2MiV R3yfTBc W/2;
*tn+m``2Mi 4 BMi2`TRUrBM/M;H2b- *tJt- i?2i- ^bTHBM2^Vc
h?`mbi 4 *tn+m``2Mi bBH6+iQ` lnTT`2Mic
lnb?BT 4 l7BiUy- h?`mbiVc
B7 #bUlni2bi @ lnb?BTVflnb?BT I 2``Q`
HQQFBM;6Q`l 4 yc
2Hb2B7 M = M`Ai2`iBQMb
HQQFBM;6Q`l 4 yc
/BbTU^+QMp2`;2M+2ɚMQiɚ`2+?2/^V
2M/
M 4 MYRc
2M/
lnMQurUBV 4 lnb?BTc
W AM+Hm/2 vr 2772+ib QM `2bBbiM+2
lnb?BT 4 KBMUlnbVc
vrnb?BT 4 yc
HQQFBM;6Q`l 4 Rc
M 4 Rc
r?BH2 HQQFBM;6Q`l
lni2bi 4 lnb?BTc
mnTT`2Mi 4 mnrBM/ Y lnb?BTc
lnTT`2Mi 4 mnTT`2Mik Y pnTT`2Mikc
i?2i 4 iMkUpnTT`2Mi- mnTT`2MiV R3yfTBc W/2;
*tn+m``2Mi 4 BMi2`TRUrBM/M;H2b- *tJt- i?2i- ^bTHBM2^Vc
*vn+m``2Mi 4 BMi2`TRUrBM/M;H2b- *vJt- i?2i- ^bTHBM2^Vc
aB/2 4 *vn+m``2Mi bBH6+iQ` lnTT`2Mic
h?`mbi 4 *tn+m``2Mi bBH6+iQ` lnTT`2Mic
vrnb?BT 4 M;6BiUlnb?BT- #bUaB/2VVc
lnb?BT 4 l7BiUvrnb?BT- h?`mbiVc
B7 #bUlni2bi @ lnb?BTVflnb?BT I 2``Q`
HQQFBM;6Q`l 4 yc
2Hb2B7 M = M`Ai2`iBQMb
HQQFBM;6Q`l 4 yc
/BbTU^+QMp2`;2M+2ɚMQiɚ`2+?2/^V
2M/
M 4 MYRc
2M/
lnurUBV 4 lnb?BTc
i?2iUBV 4 vrnb?BTc
2M/
THQiUrBM/M;H2bk- lnMQurfyX8R999999- ^@@^- ^+QHQ`^- ^#Hm2^V
?QH/ QM
THQiUrBM/M;H2bk- lnurfyX8R999999- ^+QHQ`^- ^#Hm2^V
WW qBM/ bT22/ Ry
lnrBM/ 4 Ryc
rBM/M;H2bk 4 k8,R,R8yc
M`qBM/k 4 H2M;i?UrBM/M;H2bkVc
lnMQur 4 x2`QbUR- M`qBM/kVc
lnur 4 x2`QbUR- M`qBM/kVc
i?2i 4 x2`QbUR- M`qBM/kVc
(b?BTM;H2bk.- lnbk.) 4 K2b?;`B/Uy,kX8,Ry- lnbV c
b?BTM;H2b 4 y,kX8,Ryc
7Q` B 4 R,M`qBM/k
W LQ vr 2772+ib QM `2bBbiM+2
lnb?BT 4 yc
mnrBM/ 4 lnrBM/ +Qb/UrBM/M;H2bkUBVVc

pnTT`2Mi 4 lnrBM/ bBM/UrBM/M;H2bkUBVVc
HQQFBM;6Q`l 4 Rc
M 4 Rc
r?BH2 HQQFBM;6Q`l
lni2bi 4 lnb?BTc
mnTT`2Mi 4 mnrBM/ Y lnb?BTc
lnTT`2Mi 4 mnTT`2Mik Y pnTT`2Mikc
i?2i 4 iMkUpnTT`2Mi- mnTT`2MiV R3yfTBc W/2;
*tn+m``2Mi 4 BMi2`TRUrBM/M;H2b- *tJt- i?2i- ^bTHBM2^Vc
h?`mbi 4 *tn+m``2Mi bBH6+iQ` lnTT`2Mic
lnb?BT 4 l7BiUy- h?`mbiVc
B7 #bUlni2bi @ lnb?BTVflnb?BT I 2``Q`
HQQFBM;6Q`l 4 yc
2Hb2B7 M = M`Ai2`iBQMb
HQQFBM;6Q`l 4 yc
/BbTU^+QMp2`;2M+2ɚMQiɚ`2+?2/^V
2M/
M 4 MYRc
2M/
lnMQurUBV 4 lnb?BTc
W AM+Hm/2 vr 2772+ib QM `2bBbiM+2
lnb?BT 4 KBMUlnbVc
vrnb?BT 4 yc
HQQFBM;6Q`l 4 Rc
M 4 Rc
r?BH2 HQQFBM;6Q`l
lni2bi 4 lnb?BTc
mnTT`2Mi 4 mnrBM/ Y lnb?BTc
lnTT`2Mi 4 mnTT`2Mik Y pnTT`2Mikc
i?2i 4 iMkUpnTT`2Mi- mnTT`2MiV R3yfTBc W/2;
*tn+m``2Mi 4 BMi2`TRUrBM/M;H2b- *tJt- i?2i- ^bTHBM2^Vc
*vn+m``2Mi 4 BMi2`TRUrBM/M;H2b- *vJt- i?2i- ^bTHBM2^Vc
aB/2 4 *vn+m``2Mi bBH6+iQ` lnTT`2Mic
h?`mbi 4 *tn+m``2Mi bBH6+iQ` lnTT`2Mic
vrnb?BT 4 M;6BiUlnb?BT- #bUaB/2VVc
lnb?BT 4 l7BiUvrnb?BT- h?`mbiVc
B7 #bUlni2bi @ lnb?BTVflnb?BT I 2``Q`
HQQFBM;6Q`l 4 yc
2Hb2B7 M = M`Ai2`iBQMb
HQQFBM;6Q`l 4 yc
/BbTU^+QMp2`;2M+2ɚMQiɚ`2+?2/^V
2M/
M 4 MYRc
2M/
lnurUBV 4 lnb?BTc
i?2iUBV 4 vrnb?BTc
2M/
THQiUrBM/M;H2bk- lnMQurfyX8R999999- ^@@^- ^+QHQ`^- (y- yXe- y)V
THQiUrBM/M;H2bk- lnurfyX8R999999- ^+QHQ`^- (y- yXe- y)V
WW qBM/ bT22/ 8
lnrBM/ 4 8c
rBM/M;H2bk 4 k8,R,R8yc
M`qBM/k 4 H2M;i?UrBM/M;H2bkVc
lnMQur 4 x2`QbUR- M`qBM/kVc
lnur 4 x2`QbUR- M`qBM/kVc
i?2i 4 x2`QbUR- M`qBM/kVc
(b?BTM;H2bk.- lnbk.) 4 K2b?;`B/Uy,kX8,Ry- lnbV c
b?BTM;H2b 4 y,kX8,Ryc

7Q` B 4 R,M`qBM/k
W LQ vr 2772+ib QM `2bBbiM+2
lnb?BT 4 yc
mnrBM/ 4 lnrBM/ +Qb/UrBM/M;H2bkUBVVc
pnTT`2Mi 4 lnrBM/ bBM/UrBM/M;H2bkUBVVc
HQQFBM;6Q`l 4 Rc
M 4 Rc
r?BH2 HQQFBM;6Q`l
lni2bi 4 lnb?BTc
mnTT`2Mi 4 mnrBM/ Y lnb?BTc
lnTT`2Mi 4 mnTT`2Mik Y pnTT`2Mikc
i?2i 4 iMkUpnTT`2Mi- mnTT`2MiV R3yfTBc W/2;
*tn+m``2Mi 4 BMi2`TRUrBM/M;H2b- *tJt- i?2i- ^bTHBM2^Vc
h?`mbi 4 *tn+m``2Mi bBH6+iQ` lnTT`2Mic
lnb?BT 4 l7BiUy- h?`mbiVc
B7 #bUlni2bi @ lnb?BTVflnb?BT I 2``Q`
HQQFBM;6Q`l 4 yc
2Hb2B7 M = M`Ai2`iBQMb
HQQFBM;6Q`l 4 yc
/BbTU^+QMp2`;2M+2ɚMQiɚ`2+?2/^V
2M/
M 4 MYRc
2M/
lnMQurUBV 4 lnb?BTc
W AM+Hm/2 vr 2772+ib QM `2bBbiM+2
lnb?BT 4 KBMUlnbVc
vrnb?BT 4 yc
HQQFBM;6Q`l 4 Rc
M 4 Rc
r?BH2 HQQFBM;6Q`l
lni2bi 4 lnb?BTc
mnTT`2Mi 4 mnrBM/ Y lnb?BTc
lnTT`2Mi 4 mnTT`2Mik Y pnTT`2Mikc
i?2i 4 iMkUpnTT`2Mi- mnTT`2MiV R3yfTBc W/2;
*tn+m``2Mi 4 BMi2`TRUrBM/M;H2b- *tJt- i?2i- ^bTHBM2^Vc
*vn+m``2Mi 4 BMi2`TRUrBM/M;H2b- *vJt- i?2i- ^bTHBM2^Vc
aB/2 4 *vn+m``2Mi bBH6+iQ` lnTT`2Mic
h?`mbi 4 *tn+m``2Mi bBH6+iQ` lnTT`2Mic
vrnb?BT 4 M;6BiUlnb?BT- #bUaB/2VVc
lnb?BT 4 l7BiUvrnb?BT- h?`mbiVc
B7 #bUlni2bi @ lnb?BTVflnb?BT I 2``Q`
HQQFBM;6Q`l 4 yc
2Hb2B7 M = M`Ai2`iBQMb
HQQFBM;6Q`l 4 yc
/BbTU^+QMp2`;2M+2ɚMQiɚ`2+?2/^V
2M/
M 4 MYRc
2M/
lnurUBV 4 lnb?BTc
i?2iUBV 4 vrnb?BTc
2M/
THQiUrBM/M;H2bk- lnMQurfyX8R999999- ^@@^- ^+QHQ`^- ^`2/^V
THQiUrBM/M;H2bk- lnurfyX8R999999- ^+QHQ`^- ^`2/^V
H2;2M/U ^qBM/ɚbT22/ɚ4ɚdɚKfb-ɚrBi?Qmiɚvr^- ^qBM/ɚbT22/ɚ4ɚdɚKfb^- ^qBM/ɚbT22/ɚ4ɚRyɚKfb-ɚrBi?Qmiɚvr^- ^qBM/ɚ
bT22/ɚ4ɚRyɚKfb^- ^qBM/ɚbT22/ɚ4ɚ8ɚKfb-ɚrBi?Qmiɚvr^- ^qBM/ɚbT22/ɚ4ɚ8ɚKfb^- 9V
tBbU(y- R3y- y- Rd)V
tH#2HU^h`m2ɚrBM/ɚ/B`2+iBQMɚ(/2;)^V
vH#2HU^a?BTɚbT22/ɚ(FMQib)^V
 
